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.. .1 . 

• AMTl GANGER CQMPOO WPS • • • ' 

m a 

; The present invention relates to a series of substituted 

alkylaminoanthraquinones, with nitrogen containing heterocyclic * 

• • • . 

substituents, as well as N-oxides of these compounds. The compounds may . 

5. . be alkylating agents having topoisomerase II inhibiting activities. The N- 

oxides are prodrugs. . 

' • - ' . . . • • • 

Resistance, to antltumour drugs is the main cause for the failure of 

cancer chemotherapy and a number of mechanisms for resistance are 

known. For example loss of DNA mismatch repair with in vitro, models leads 

' . • *• • ' . ■ ' ' . ' ' " 

lo. to resistance to a number of clinica.liy important antitumour agents, including 
cisplatin and doxorubicin, and has been demonstrated to correlate with 

• • ■ - • 

hypermethylation of the hMLH1 gene promoter region. One approach to the 

reversal of this mechanism of drug resistance, is through treatment with a 

* . " . ' ' •• ' 

demethylatihg agent, which then reinstates the sensitivity of the cell lines to 
15 . classical antitumour agents. Treatment of human tumour xenografts of the 

• • « • 

cisplatin resistant variant of the A2780 ovarian tumour ceil line (A278p/cp70) 

• ' - • 

• . . . ■ • . • 

with the demethylating agent 2'-deoxy-5-a2acytidine led to sensitization to 

various antitumour agents. However, it may also be possible to exploit 

*■ . ' * • . 

differences in the resistant and non-resistant cell lines that allow treatment 
20 with antitumour agents that are more effective against the resistant cell lines. 

Over the past 25 years, there have been extensive investigations on 
non-covaleht DNA binding 1 ,4-'disubstituted aminoanthraquinones. Wiost of 
this research has concerned symmetrically substituted agents such as 
mitoxantrone, a clinically utilised analogue of the anthracydine antibiotics, 
25 and AQ4N, Patterson L.H, Drug IVietabolism Reviews, 2002,. 34, 581-92 and 
WOrA-91 05824 a bioreductlvely activated agent that is currently undergoing 
Phase I clinical trials. 

■ • 

* 

30 . 



AQ6 Rfl = H. Rb = CH26H2OH 
ZP257 Ra = CH3, Rfa = CH2CH2OH 
ZP275 Ra = Rb CH2CH2OH 
Alchembc Ra = Rb = CHaCHzO 

■ 

• • • . • . 

■ . ' . - 

AQ6 is a non-symmetrically substituted aminosnthraquihone that was 
developed by Patterson and co-workers. WO-A-9105824 and Smith P J.; 
Blunt N J.; Desnoyers R.; Giles Y.; Patterson LH: Cancer Ghemotheriapy and 
Pharmacology. 1997. 39. 456-461 and reported on by Krapcho et al. Journal 
of Medicinal Chemistry. 1991. 34, 2373-2380. Patterson showed that AQ6 
inhibits kinetopiast DNA decatenation with enhanced cytotoxic potential 
under conditions of overexpression of topoisomerase II. In addition, 
Krapcho ef a/, showed it to have excellent in vitro cytotoxicity in a colon 
carcinoma doxoaibicin-resistant cell line, and moderate activity in L1210 

cells /nV/Vo. 

• • ■ • • ' " ' 

In a recent study on novel aminoanthraquinones, we observed that . 

two non-symmetrical aminoanthraquinones. ZP257 and ZP275. had 
considerable cytotoxic activity in a panel of ovarian cancer cell lines, Pors 

' • * ^ 

K. Paniwnyl<Z, Teesdale-Spittie P. Plumb J A, Willmore E. Austin CA, 
Patterson LH. (2003) Alchemix: A Novel Alkylating Anthraquinope witti Potent 
Activity against Anthracydine- and Cisplatinrresistant Ovarian Cancer. Mol 
Cancer Then 2(7): 607-610. ZP267 and ZP275 were shown to b^ cross- 
resistant with doxorubicin in a P-glycoproteIn over expressed cell line 
(2780AD) but were significantly more active in the cispliatin resistance. 
A2780/cp70. cell line compared to the wildtype. AQ6, ZP257 and ZP27.5 are 



3 - ■ • 

analogues of mitoxantrone in which one of the two hydroxyethylaminoethyl 

* * * 

side chains is replaced by a A/,A/-dimethyiaminoethyl:side chain or A(- 
. . .methyi-A/-hydroxyethylaminoethyl side chain. These two agents have high 

• • • 

but equal cytotoxic activity against both the A2780 and A2^780/cp70 cell 
5 . lines, (i.e. a resistance factor (RF) of approx. 1). 

Alchemix, one of thei compounds described by Pors et al, is an 

alkylating agent, by virtue of being a mustard derivative.. In Alchemix, the 

• ♦ 

• ■ 

two N substituents in one of the aminoalkylamino sidechains.are 2- * 

• • 

chloroethyl. A number of other mustard compounds are described in that 
10 reference. 

The A2780/cp70 cell line is deficient in DNA mismatch repair (MMR) 
proteins including hMLH1 and hMSH2, and it has been shown previously 
that loss of either is associated with resistance to topoisomerase 11 inhibitors 
such as doxprubicinV epirubicin and mitoxantrone. Fedier A.; Schwarz V,A.; 

15 Walt Hm Carpini R. D.; Haller U.; Fink.p. International Journal of Cancer, 
2001,93,571-576. 

N-oxides of some claisses of DNA interacting agents are known to be . 
inactive until bioreduced in hypoxic tissue (Patterson L.H. and Mckeown 
S.R.. Brit J Cancer 2000 83(12), 1589-93). A4QN isan example of such N- 

20 oxides. The value of N-6xldes of DNA binding cytotoxic agents is that they 
are selectively activated in hypoxic tumour tissue to potent cytotbxins. 
Conventional chemotherapy and radiation therapy will preferentially kill^ 
tumour tissue that is well perfused with oxygenated blood. Hypoxic tumour 
tissues are poorly perfused and have low oxygen and hence are refractory to 

mm • 

25 conventional therapy. Bioreductive agents are preferentially reduced to 
active cytbtoxins in hypoxic tumour, tissue and exert cell killing that 
contributes to the total therapeutic effect when given in combination with 
radiotherapy or cytotoxic agents. 

We atterhpted to synthesise the corresponding N-oxides of the 

3 0 compounds in Pors et a/, . however the oxidised compounds were unstable, 
and proved difficult or impossible to isolate. It would be desirable to produce 



prodmgs having the advantages of the mustard compounds described by 

• • • « 

Pors et al, which would be selectively bioreduced in tumours, as well as 
precursors thereof. 

In WO-A-91 05824 the amino. alM amino substituent could include a 
cyclic N-containing group, but the alkane diyi group, joined to the nitrogen 

atom was not substituted. - . 

According to the present invention there is provided a. novel , 

anthraquinohe compound of the general fbrrnula I or a salt thereof . . 
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in which to are each selected from the group consisting of H, C^^ alkyl. 
X\ -NHRON (R^), in which RO is a Ci.V2 alkanediyi and each R^ is H or . 
optionally substituted C1.4 alkyl. and a group of formula II 



20 




(") 
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in which at • 

least one of R^, R^ and R° is selected from X^ and substituted C^^ alkyl 

* 

and any others are H or 0^.4 alkyl; R® is selected from H, C,^ alkyl, X^ and 
X2 substituted C^^-alkyl; 
m is 0 or 1 ; 
' n is 1 or 2; . . 



XMs a halogen atom, a hydroxyl group, a C^Iq aikoxyi group, ah 
aryloxy group or an acyloxy group; and \ 

% • 

. is a halogen atom, a leaving group, a hydro)^! group, a Ch!« alkoxyl. 
group, an aryloxy group or an acyloxy group; 

provided that at least one of to is a group of formula II. 

• ' •' . " • . • ' ■ . . . " ■ 

In the inventipn, R^ and R^.may each be a group of formula II. 

• • • . . . • 

Although they may represent different groups of the fonmula II, generally the 

■ . • . ' * • • * ' . . . ' ' 

compound is symmetrical, and the groups and would be the same as 
one another. 

Preferably, however, Rib and R^ are not identical, but rather represent 
different moieties. Such non-symmetric compounds have the advantage of 

providing enhanced activity against cisplatin resistant cancer cells. 

- 

Preferably R^ is a group of formula II and .R^ is a group NHRON(R^)2. In 
such groups R^, the groups R^ are preferably the same as one another and 

are generally hydrogen or methyJ. 

.. Where each of R^ and R2 Is an aminoalkylamine moiety, they are 

-preferably substituted -at the t-and 4 positions, respectively, on the 
anthraquinohe ring system. The numbering convention in tlie.anthraquinone 

* • ■ 

ring system is as follows: 



o 




o 



The groups R^ and R" may each represent one of the 
aminoalkylamine groups, that is a group of general formula II or a group 
NHR0N(R% Preferably, however,. R^ and R'' are selected from. hydrogen 
. and hydroxyl and are preferably both, the same. R^ and R'* are preferably 
located at positions 5 and 8, respectively, in the ianthraqulnone. ring system. 

■ * 



In one group of compounds of the invention, and R"* are botli hydrogen. 

* • • • * 

In another group of compounds, R^ and R" are both hydroxyl. 

In the invention, the compound may be in the form of the N-oxide, that . 
is in which m is 1. Alternatively. the compounds may be in. the non-oxidised 
(or reduced) fomi, in which-m is 0. The N-oxides are useful prodrugs which 
are selectively hloreduded in hypoxic tumours to the corresponding amine. 
The amine compounds are cytotoxic compounds. They may be useful in 
cancer therapy as such, and accordingly the present Invention provides the 
use of the amine in the^ manufacture of a medicament for use in the . 
treatment of an animal. The invention further provides the use of the N- 
oxides in the manufacture of medicaments for use in the treatment of an 
animal. The compounds may be present as racemic mixtures or as isolated 

• * • 

R- or S- enantiomers (i.e. in which the cyclic heteryl group has its side . . 

" • * ■ • 

chains in selected orientation) vis-a-vis the link from the nitrogen atom. 

■ 

• " ■ • • • 

The compounds of the present invention may be pyrrolidine 
derivatives, that Is in which n is 1 . Another class of compounds of the 
inven tiori are piperidine derivatives, in which n is 2. 

One preferred class of compounds of the invention are alkylating 

■ * . 

agents. In such compounds, either 
. i) . R« is CH2X2 and RMs H; or 
11) R« is H and R^ is X^. and 
wherein .X^ is a halogen atom or a leaving group. Alternatively or 
. additionally. R® is CH^CH^. Where R® is QH2X^ R^ may conveniently be 

the same group. 

Suitable examples of halogen atoms as X\ X^ or X** are fluorine, 

chlorine, bromine and iodine, preferably chloi-ine. Suitable examples of 
leaving groups as X\ ot are (i.e. nucleofugal groijps) are alkyi aryl 
sulphonates, acyloxy or aryloxy groups. 

* 

R° is preferably C2.6 alkanediyi, preferably a linear alkanediyi, group. 
Compounds in which the groups R^ and R^ are not one of the 

definitions mentioned above in connection with alkylating agents, may _ 



it 

m * 

7 ■ ■ ■ • . ■ 

• • • 

• ■ 

nevertheless be DNA binding agents which act as tbpoisomerase to ' 

• • • • 

inhibitors. Compounds in which one of R^, or R® is a hydroxyl group oir a , 
. hydroxyalkyi group have cytotoxic properties. Halogen substituted • 
compounds additionally are cytotoxic, even if they do not have halogen 
5 . located in a position such that the compound is an all^ylating agent 
(mustard); 

The methods for synthesising the compounds are generally 

conventional. Preferably the compounds are made by producing a precursor 

cyclicamino alkylamine and reacting this in a nucleophilic substitution with 

10 an appropriately substituted anthraquinone compound. Suitably the 

substltuent is a halogen atom, or another leaving group. Where there are 

• . • • • ■ - * 

two aminoalkylamine groups, these may be added by successive steps or, if 

a mixed product is acceptable, may be (Droduced using a mixture of 

aminoalkylamines. 

• * 

15 According to the invention/there, is provided a method in which a 

compound of the formula 111 . 




m 



o 



. in which R^** to R^/* are each selected from H, hydroxyl, C^^ alkoxy, 
25 acy\oxy, a group -NHR^°N(R^^)2 in which R^° is sAkane diyl and each R^^ 
is H or optionally substituted C^^ alkyi, and in which X"^ is a halogen atom or 

a (leaving group) provided that at least one of R^^ to R^"* is X"^; 

* 

is reacted with a cyclic aminoalkylamine compound of the general 
formula IV . 

30 




such that the group X"* is repiaced in a nudeophilic substitution reaction by 

• • • « * • • 

group of formula V 




•NHR^°HN- 




(V) 



in which either at least one of R^®. R^^ and R^* is selected from and X^ 
substituted C^^ alkyi and any others are H or C,^ alkyi, and R^® i§ selected 
from H, alkyi, X^ and X^ substituted alkyl. 

^rj~|:j^^j^"l'^ a protectedliydro^ of )^ls a leaving group or a 

halogen atom different to X''. 

In the method, the groups R^^ R". R'' and R'^ may be the same as in 
the desired end product of the general fonnula I as the groups R®i R^. R® and 
R^, as the case may be. Alternatively, these groups may be precursors for 
the desired end groups and may be reacted in a subsequent reaction step to 

• ■ • • • 

generate the desired substituents R® to R®. Examples of subsequent 
reaction steps would be halogenating steps, carried out on hydi-oxyl or, 
protected hydroxyl, after deprotection, groups. In such processes, a group 
X^ which is a hydroxyl or a protected hydroxyl group is reacted with a 
halogenating agent such as a chlorinating agent, optionally after 
deprotection, to replace the or each X^ hydroxyl group by a halogen atom. 

Where the desired end product is a N-oxide, that is where m is 1. and 
where q=0, the product of the nucleophilic substitution reaction Is oxidised at 



the ring nitrogen atom to form the corresponding amine oxide. Oxidation is 

• • • ' - • . • 

carriejd out using conventional oxidising agents, sucli as 

• • - ■ • . . • . 

. Chlorppero)Q^benzoic acid <m - CPBA), oxaziridine or Dimethyldioxirlnie 

• • • 

(DiyiD). 

■ • * • ■ . ' • 

5 • ; . Where the desired end product is. an non-symmetrically substituted 

■ • 

anthraquihbne, that is in which one of the groups to R" is a group .. 

.**'•*• • 

NHR°N(R^)2, this pompound is reacted in a preliminary nucleophilic 

...* ' ... 

substitution reaction, preferably, in a preliminary step. In the preliminary 

• . . J _ " „ _ * . • * 

step, a precursor of compound III, In which the group corresponding to R.^'' to 
* ' ' • •" • " * ** • 

LO .. R^'' which is to be substituted having a substituent X° which is a halogen 

* 

• • • 

* * * ' ■ • , 

atom or a leaving group, is reacted with an amine H2NR^°N(R^®)2 in which R^^ 

* • V 

is H or an optionally substituted C^^ alkyi group. For instance, R^'* may be 
.. • . - • • • • ■ 

the leaving group and be at the one position in the anthraquinone ring . 

system. R^^ in the compound of formula III may be the; said acyclic alkyI 

» • *• . 

15 amino alkyl group, and the precunsor group is a leaving group X® and be at 
the one position in the anthraquinone ring system. R^^ in the compound of 
formula III may be the. said acyclic alkyl amino alkyl group, and the precursor 

* • . ■ • 

group is a leaving group X®, and in the preliminary step, the group X® is 
replaced by the group -NHR^°N(R^% 

20 in the method, the cyclic amino alkyl amines are commercially 

» - ■ 

iayailable or may be synthesised in preliminary steps. A variety of examples 

■ 

of such starting corripounds and thfeir synthesis is described in the worked 

examples below. Some of the cyclic arnino alkylamines are new. 

• ■ - . ' 

. According to a further aspect of the invention there is provided a 

* . 

compound of the general formula VII 



H2NR20 N 
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r29 




(VII) 



in which R^" is a Ci.«-alkanediy.l group and either is CH2CI, and R^^.is H, 
or R2^ is H and R^ns CI; 

r2® is H or is the same group as R^®; 

the or each R^® is H or is. the same group as R2^; and 

■ ■ - ■ ■ ' •. -. 

• r is 1 or 2. 

Preferably R2° is (CH2)2i . 
In one class of compounds VII r is 1 .. In another class, r is 2. , 

♦ * * • ' - 

. R^ may be the same as R^, but is often H.\ 
The. novel cyclic amines are made In a preliminary synthetic method 
in which a hydroxyl-substituted cyclic tertiary amine, of the general formula 

VIII 




• • • • 

in which and r are as defined in claim 30 
either R^^ is CH2OH and R22 is H 

* 

or R2^ is H and R^ Is oh 
R^" is H or Is the same group as R^V . 
the or each . R?^ is H or is the same group as R^; 
is amine-group protected, is then chlorinated by a process in which 
the OH is replaced by 01, and is deprotected to afford the desired compound 

. : • • • • * 

of formula VIL 

The novel cyclic amines may be useful starting rnaterials for 
derivatising other drugs and converting them to mustard derivatives: 

Where the desired end prodijcl is a symmetrically substituted 
compound, with two cyclic amino alkyi amine substituents, the cpmpound of 
the formula III will be a compound in which R^^ and R^^ represent X'', both, 
being the same group, arid in the reaction, two equivalents of the amine 



compound of the general fortnuia are reacted with one equivalent of the 
compound of the formula III. 

The N-oxides of the present invention are useful prodrugs. They are 
reduced in hypoxic tumour tissue to the active cyclic amine derivative. They . 
may be used in conjunction with the adrninistration of related cytotoxic or 

entirely different cytotoxic agents,, so as to contribute to the total therapeutic 

■ . 

effect. Altematively, the cyclic amine compound may be administered as 
such as a cytotoxic agent, with or without additionally targeting to the site of 
intended activity. The cytotoxic properties, and the generation of activQ . 
cytotoxic agent from N oxide prodrug, is demonstrated in the in vitro 
experiments in the examples below. From the results It would be reasonable 

• • • 

to expect a useful in vivo activity as a cytotoxic agent, specifically for use in 

* * f • V * 

tumour therapy. 

The following examples illustrate the invention. 
Examples 




BrCHjCN gtsN/THF 
45-50*^ 




LiAIH4 
THF 

45-50"C 




Scheme 1 



General Method 1 . 

Synthesis of the aminoaikylamino sidechains - general method 
Synthesis of the 1-(2-aminoethyl)pyrrolidine and piperidine side . 
chains was two-step procedure: The cyclic secondary amine was alkylated 
by bromoacetonitfile (dry EtgN, THF, 46-50 *C, 30 min. yield 63-92%) and 

m • 

the nitrile was converted to a primary amine by reduction with LiAIH4 (THF, 
reflux, 5 h, yield 27-76%). The general method is used for 2-, 3- and 4- . 
hydroxy! piperidines, 2- and 3r hydroxyl pyrrolidines and 2- and 6- 
bishydroxy-methyl piperidines. 



•General Method 2 - Syir^tiliesis of amiinbanthraquiiinoinie®' 
Treatment of 1 ,4-dffluoro-5,8-dlhYdroxyanthraqu.inbne with N,N- 
dimethylethylenediamine led to a mixture of the di- and monosubstituted . 
anthraqulnones from which the. intemnediate HAQ107 was isolated by flash 
chromatography (W,W-dimethylethylenediamine, CgHsN, 22 'C. 24 h, 34%) 
(Scheme 2). Pure HAQ107 was then treated with the piperidine pr pyrrolidine 
sidechains to afford the target compounds (HAQ71 , HAQ73, HAQ1 1 0.,HAQ1 1 1 
and HAQ12i) and the non-hydroxylated analogue HAQ1 48 in good yield after 
purification (Amine, C5H5N. 90 30 min -1 h. 51-65%). HAQ7p and HAQI OS, 
the symmetrically configured anthraqulnones,- were synthesised in one step by 
/pso-substitutioh of both fluoro groups of C with 1 -(2-aminoethyl)-piperidine 
sidechains (CgHsN, 90 *C, 1 h, 34-37%) (Scheme 2). Preparation of the 

* • , , . • 

chloropropylaminoanthraquinpnes .CAQ74 and CAQ75 were carried out by . 
treating the precursor alcohols (HAQ70 and .HAQ71 respectively) with 
triphenylphosphine-carbon tetrachloride, a commonly employed, complex 
reagent for conversion of alcohols ;to corresponding halides (PhaP, CCI4, 
CH2CI2, reflux, N2, 5 h, 68-81 %). 

• Symfthesis off Hydroxylatted A?-Acetoiri54irile«PSperidoini@s ' amid * 

. Pynrollodflinies- ' 

S-Hydroxy-pipeirodDini-ll -yO^cetoimiiMie (SI ) 

BrCHaCN (3. 1 9 g, 25.82 mmol) was added dropwise to a solution of .3- 
hydroxyplperidine (6.53 g, 64.55 mmol) in dry THF (25 mL) under Ng, 
maintaining the temperature between 45^0 "C. Following addition of BrCHaCN, 
the solution was refluxed for 30 min., before allowing the solution to cool down 
to room temperature. The solvent was removed in vacuo and the residual oil , 
was purified by flash chromatography using CHjClz: CH3OH (9: 1 ) as.eluent. The 
title compound was obtained as a straw-coloured oil (3.04 g, 83 %). ^{250 
MHz; CDCI3); 1.9-2.15 (m, 3H, CH2CH2CH2, IXCH2CH2CHOH). 2.25 (m, 1H. 
IXCH2CH2GHOH). 2.55 (d. OH), 2.85-3 (m, 3H, NCH2CH2. IxNCHaCH), 3.1 
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. ... 

• 

(2xcl, 1 H. IxNCHaCH). 3.9. (s. 2H. NCH2CN) and 4.3 (m, 1 H, CH2CHOH): FAB 
. MS, m/z(M+H)*141. 

Reference Example 2 

S-Hydroxymethyl-piperidin-l-yl-^cetonitrile (S2) 

5 .\ The method follows that of S1 using 3-plperldlnemethanol (4.79 g, 41 .59 

mmol), BrCHzCN (1.99 g, .16.64 mmol) and dry THF (26 mL). The title- 
compound was yielded as a straW-coloured oil (2.35 g, 92 %) after flash, 
chromatography using CH2CI2/CH3OH (9:1) as eiuent. c/h (250 MHz; CPCI3); 
1 .06 (m, 1 H. CHCH2OH), 1 .6^1 .9 (m, 5H, OH. CH2CH2GH2 and CH2CHaC.H), 
ro. . 2.15 (t. 1H. J - 10 Hz, IxNCHiCH), 2.35 (3xdi 1H, J * 4 Hz and J = 10 Hz, 
1 XNCH2CH2), 2.7 (m, 1 H. 1 XNCH2CW2). 2.85 {2x6, 1 H, J = 4 Hz and j = 1 2 Hz, 
IXNCH2CH), 3.62 (s, 2H. NCH2CN) and 3.45^.66 (m. 2H, CHCH^OH); dc(62.9 

• . " • * • 

MHz; CDCI3); 24.43, 26.1 4. 38.66, 46.76, 62.83, 66.73, 66.88 and 1 1 4.74(CN); 
FAB MS. m/fe(M+Hr 166. 

' - ■ • • 

15 Reference Example 3 

4-Hydroxy-piperidin-1 -yl-acetonitrile (S3) 

BpGH2GN-(28.5.5 gr0r238 mmoi)-was-added dropwise-to a.solution of 4- 

hydiroxypiperidine (24.98 g. 0.216 mol) and EtgN (33.18 mL. 0.238 mmol) in dry 
THF (1 00 mL) under N2, maintaining the temperature laetween 45-60 *C. After 
2 0 addition of BrCHoCN. the solution was refluxed for30 mih. , before allowing the 

isolution to cool down to room temperature. The title-compound was afforded as 

• • • . ■ • 

a straw-coloured oil (18.97 g, 63 %) after purification by flash chromatography 

using ether/CHaOH (19:1) as eiuent. .dn (250 MHz; CDCI3); 1.65 (m. 2H, 
.1 XCH2CH2CH and 1 XCHCH2CH2). 1 .75 (s. 1 H, OH), 1 .95 (m. 2H. 1 XCH2CH2CH. 
25 IXCHCH2CH2). 2.45 (m, 2H,:1xNCH2CH2 and IxNCHgCHz). 2.78 (m. 2H. 

IXNCH2CH2 and IXNCH2CH2). 3.55 (s. 2H. NCH2CN) and 3.75 (m. 1H. 

CH2CHOH); <ib(62.9 MHz; CDCI3); 33.96, 46.09, 49.73. 66.58 and 1 1 4.71 (CN): 

IR o^cm-\ 3375(broad). 2230, 1420, 1330, 1150 and 1060; FAB MS, 

m/^(M+H)*141. 

30 • •. 



.2-Hydiroxymethyll-piperidiini4-yl-acetoooliiil© (S45 ^ 

The methbd follows that of S3 using 2-plperidinemethanoi (26,50 g, . . 
0.230 iTlol), BrCHaCN (3a35 g. 0.253 mpl), EtgN (35.27 mL, 0.253 mbl) and dry 
THF (1 50 mL). The cmde product was purified by flash chromatography using 
ether/CHgOH (19:1) as eluent. The title-compound was crystallised from ether 
yielding cream-coloured crystals (31 .46 g, 89 %). 44(250 MHz; CDCl3);.1 .2-1 .85 
(rri. 6H, NCH2CH2CH2, CHiCHaCHaCH arid CH2CH2CH). 2.05 (s (broad), 6H, 
afl)72.-4(m. IHrNCW^Wa), 2.55 (3xd,-tM7-l7cNeH^ 
NCHCH2), 3.45 (d. 1 H, J = 1 7 Hz, IXNCH2CN). 3.5 (2xd. 1 H, J = 3 Hz aiid 12 
Hz, IXCHCH2OH). 3.76 (2xd, 1 H. J = 3 Hz and .12 Hz, CHCH2OH) and 4.05 (d. 
1H. J=17 Hz. IXNCH2CN); i5b(62,9 MHz; CDCI3); 23.71 , 25.25, 28.69,. 43.43. 
54.04. 60.73. 64.46 and 115.05(CN); FAB MS, m/^(M+H)* 15&; IR tw/cm:^; 
3400 (OH. m broad). 2350 and 2240 (CN) and 1650; 

2-Hydroxyme<thyl-ipyirirolldiiiii-1l-yi-aceton54rill© (SIIII) . 

The method follows that of S3 using 2-pyrrolidiriemethanol (24.27 9, 
0.241 mol), BrCHaCN (31 .81 g. 0.265 mol). EtgN (37 mL. 0.266 mol) arid dry 
THF (150 mL)..The product was obtiained as a straw-coloured oil (21.60 g. 64 
%) after purification by flash chromatography using ether/CHgOH (19:1). ^{250 
MHz; CDCI3); 1.5-2.0 (m, 5H. CH2CH2CH2. CH2QH2CH, OH). 2.7 (m, 1H). 2.85 
. (m, i H). 3.05 (m. 1 H), 3,45 (2xd, 1 H. J = 4 Hz and J = 1 1 Hz, i XCHCH2OH), 
3.65 (2xd, 1 Hi J = 4 Hz and 11 Hz, IxCHCHaOH) and 3.75 (d; 2H, NOHaCN);. 
«3b(62.9 MHz; CDCI3); 23,37, 27.45, 40.96, 53.95, 62.43. 63.06 and 1 1 5.48(CN); 
IR v^cm-\ 3375 (NH2), 3300 (NH2), 3200 (OH), 29i70-2800 (Ci^a CH^. 1600, 
1475, 1375, 1230 and 1060; FAB MS, /n^(M+H)* 141. 

♦ • 

Ref ereocd ExampD® @ . * . . : 

ft ■ 

a-Mydroxy-pynrolidliin-l-'yD-acetoiniitrille (SI 2) 

The method follows that of S3 using 3-hydroxypyrrolidine (1 5 g, .0.172 
mdl), BrCHzCN (22.67 g. 0.1 89 mmol) and dryTHF (60 mL). The title-compound 
was yielded as a straw-coloured oil (15.39 g, 71 %) after flash chromatography 



■ ■ . • ■ ■ - ■ ■ • 

..15 ■ • ' . 

. - , • ■ 

using eHaClz/CHaOH (9:1) as eluent Si^ (260 MHz; CDCI3): 1 .9-2.26 (m, 2H, 
2xring-H), 2.3 (m, 1 H, ring-H). 2.65 {6, OH), 2.85-3.05 (m, 3H, 3xring-H), 3.96 

* . ■ 

(d. 2H, NCHoCN) and 4.2 (m. 1H. CH2GHpH);,FAB MS. m/z (M+H^ liZ?. 
IReiFeireinice ExanmpO© ? * • ' . • ' . 

5 . 2,6-B5s-hydiroxymefthyl-pD|peridlffTi-1-yB-^^ (SiJ • ' 

.StepH. ■.2,6-Pip"eridDoedimelthaini©p (SlliJ 
2i6-Pyridinedimethanol (16 g, 107.9 mmol) was suspended in glacial 
acetic acid (250 rhL) and hydrogenated at atmospheric pressure and RT for 48 
h using PtOz (1 5 g) as catalyst. The catalyst was then removed by filtration 

io . . through celite and the acidic solution was concentrated in vacuo to give an oily 

... - . .* . • 

residue. The oil was diluted with.EtOAc (50 mL) and stirred at ic?e-qold 

temperature: A saturated solution of brine and concentrated ammonia (pH '"1 2} 

•■ -*.. .■ ■■ 

was added slowly until the pH was 11-12. The organic phase was then 

• ^ 

separated from the aqueous phase, which was extracted with EtOAc (3x50 liiL). 

' • * • a * 

15 The combined organic phases were dried (MgSOJ followed by filtration and 
evaporation of solvent under vacuum yielding a straw-coloured oil. (5.21 g, 33 

%). FAB MS, m/t(M+H)* 146. 

Sfep 2. The method follows that of as! 2,6-piperidinedimetiianol (3.80 

g; 26.21 mmol), lodoacetonitrile (5.24 g. 31.45 mmo)), EtgN (4.38 m.L, 31.45 
20 . mmol) . and dry DMF (20 mL). Purification by fTash chromatography using 
CH2CI2/CH3OH (9: 1 ) as eluent afforded the titie compound as a straw-coloured 
oil (2.5 g, 53 %). FAB MS, /n/fe(M+H)* 185. . 

« • ■* 

4 • , 

The iodoacetonitrile:was jDrepared by the use of the Finkelstein reaction. . 
BrCHzCN (3.77 g, 0.031 4 mmol) was added dropwise to a stirred solution of Nal 
25 (4.71 g, 0.031 mmol) in acetone. Precipitation of NaBr occurred within a few 
minutes and indicated that exchange of the halides had tal^en place. Sodium 
bromide was filtered off, and tiie acetone Was removed in vacuo. Crude yield 
(6.24 g. 100%). 



•Synthesis of MydroxyDated i\f-2-Asiiiiinioe1tliDyll ' PsperOdoinies. . sumdl .- 
PyinroD5diin©s * ; •/ . 

. • • , 

IRelforemica EKample ® 
f-(2-Amiino-e4lhy8J-pQpeirDd5jra-^^ 

LiAIH4 (2.44 g, 64.2 mmol) was added to dry THF (20 mL) at 0 'C in a 

three-neck round bottom flask, under Nj. The solution was stirred for 15 mrn. 

before the 3-hydroxypiperidin-1 ryl-acetonitrile (3 g, 21.4 mmol). diluted in dry 

THF (6 mL), was added slowly via syringe. The reaction mixture was then 

refluxed 5 h before allowing the solution to cool to RT. Excess of LiAlH4 was 

destroyed by dropwise addition of 2.4 nriL of HaQ. 2.4 mL of NaOH (16 %) and 

finally EtOAc was added dropwise until no effervesence was observed. The 

fonned granular precipitate (lithium hydroxide and aluminium hydroxide) was 

• . . ■ '■ . • 

filtered off and washedseveral times with CH2CI2 and EtOAc. The organic layer 

was dried (R/igS04) and the solvent was. removed in vacuo to. yield a thick 
yellowish oil. The title-cxampound was purified by kugelrohr distillation (172 "C, 

• . . . " * . 

0.05 mbar) and. obtained as a straw coloured oil (1.95 g, 63 %). 44 (250 MHz; 
CDCI3); .1.45-1.7 (m„ 3H. CH2QH2QH2. IXCH2CW2CHOH). 1,76 (m, 1H. 
IXCH2CH2CHOH). 1.95 (S. 3H. OH, NH2). 2.25-2.55 (m. 6H. H2SSJGH2CH2. 
NCH,CH2. NCH2GH). 2.75 (t, 2H. H2NCH2CH2). and 3.9 (m, 1H, CH2CHOH); 
4j(62.9 MHz; CDCI3): 21.93. 32.01. 38.88, 53.84, 60.80, 61 .06 and 66.36; FAB 
MS, in/Sr(M+H)* 145. . 

• • • 

' £1 -(2-AmiirDOHB41hiyl)-3-pDpeirlidliini-2-yl-3mettlhario^ 
The method follows that, of §6 using 3-hydroxymethyl-piperidIn-1 -yl- 
acetonitrile (2.95 g, 19.1 mmol), LiAIH4 (2.18 g. 57.3 mmol) and dry THF (15 

» » ' • * " 

mL). The title compound (2.30 9, 76 %) was afforded as a colouriess .oil by 
kugelrohr distillation at (164 "C. 0.01 mbar). d^{25Q MHz; CDCI3); 1.1 (m, 1H, 
(CHCH2OH), 1.5-1.9 (hn, 7H, OH. NH2. CH2CH2CH2 and CH2CH2CH), i:95 (t. 
1H. j = 10 Hz. IXNCH2CH), 2.1 (3xd, 1H. J = 3 Hz and 10 Hz. IXNCH2CH2), 2.4 
(t, 2H. J = 6 Hz, H2NCH2CH2Nj. 2.6 (m, 1H, IXNCH2CH2, 2.8 (t. 3H, J = 6 Hz. 
H2NCH2CH2N and 1x(^CH2CH). 3.45-3.65 (m, 2H, CHCH2OH); 4:(62.9 MHz; 



17 . ■ ■ • . . 
Cpeig): 24.66, 27.50, 38.19, 38.91, 54.54, 57.43, 61.61 and 66.55; . iR 

' * . * * * 

iWctn-^; 3375 (broad), 1675, 1625, 1460, 1 100 and 1050; FAB MS, m^M+H)* 
159. . 

• • - , ■ 

Refferemic'e Estamplie.ll® • • •* * / -.^ 

• 5.;'- i-(2-Aminp-e4lhiyl)-pipeirDdoini-^ . ' 

The method follows that of S6 using 4-hydroxy-piperidin-1 -yl-acfetbnitriie 
(1 8.97 g, 0.1 36 mol), LiAiH4 (1 6.48 g, o:408 mol) and dry THF (1 50 mL). The 
title Qompbund (8.56 g,. 44 %) was afforded as a straw-coloured oil. after 
"kugelrohr distillation (1 78 °C, 0.06 mbar).~4^ (266'MHz; CDCQ ; 1 :55 (m, 2H, 
IQ . IXCHCH2CH2 and IXCH2CW2CH), 1.85 (m, 2H, IxCHCHaCHi and 
IXCH2CH2CH), 2-2,25 (m. 6H. .NCH2CH2. NCH2CH2 and OH); 2.38 (t, 2H, 
H2NCH2CH2N), 2.72 (t, 4H. H2NCH2CH2N, NH2) and 3.65 (m. 1 H. CH2CHOH): 
^b(62.9 MHz; CDCI3); 34.56. 38.98, 51.36, 60.84 and 67.64; FAB SyiS, 
/7Vk(M+H)* 146; IR o^cm'^; 3375(broad), 1600, 146Q. 1370, 1290 and 1070. 

■ 

P-(2-Amiiinjo-efthyl)-p5peirldiini-2-yll-3me1lIh (St) 
— -The method follows- that of S6 Using i2-hydroxymethyl-piperldin-1 -yl- 
acetbnitrile (31 !96 g, Q.208 mol), LiAIH4 (23,68 g, 0.624 mol) and dry THF (200 
mL). The title compound (8.74 g, 27 %) was afforded as straw-coloured oil by 
20 . kugelrohr distillation (225 'C, 0,1 3 mbar). 4,(250 MHz; CDCI3); 1 .2-1 .75 (m, 6H, 
. GHaCHiCHjs, CH2CH2GH and CH2CH2CH), 2.2 (m, 1H, IXNCH2CH2) 2,35 (m, 

* w ■ 

2H. H2NCH2CH2fsJ), 2.58 (s (brbad). 3H. OH and NH2), 2;75 (t, 2H, 
H2NCH2CH2N), 2.85 (3xd, 1 H, IXNCH2CH2), 2.92 (m, 1 H, HCHCH^, 3.4 (2xd, 
1H, J = 4 Hz and 12 Hz. 1xCHeH2pH) and 3.76 (2xd, 1 H, J = 4 Hz and 12 Hz, 
25 IXCHCH2OH; FAB MS. /7i/5?(iy^+H)* 159. 

• • • • 

IRefferemiiDe EssampSe 12 

P'<2-Amino-e1tlhyll)»pipeiridiin)-bis«2,6"yfl°|^ {BW} 

The method follows that of S6 using 2,6-bis-hydroxymethyl-piperidin-1 - 

« ♦ , 

yl-acetonitrile (2,40 g, 13.04 mmol), LiAIH4 (1-49 g. 39.13 mmbi) and dry THF 

* 

30 (30 mL). The title-compound was afforded as a straw-coloured, oil without 

* ' ' ' 

purification (1.03 g, 42 %).. It was found necessary to stir the dry destroyed 



LiAIH4 complex in dry THF for 10 h at 40 'C in order to optimise the yield of the 
desired di-4iydroxylated diamine. FAB iVIS, /n/fe(M+H)* 18a ^ 

, • • • * - 

|1 -(2-Amino-ethyl)-pyriroli(dltini-2-yll-3me4har»oHS1l 3) ■ 
. The method follows that of S6 using 2-hydroxymethyl-pyffolidin-1-yh 
acetbnitrile (1 9.5 g, 0. 1 39 moj). LiAIH4 (1 5.84 g. 0.41 7 mol) and dry THF (1 50 
mL). The title-compound (12.5 g, 63 %) was afforded as straw-coloured oil by 
kugelrohr distillation (142 'Q, 0.3 mbar), 44(250 MHz; GDCI3); 1 .6-1.9 ,(m, 4H. 
CH2CH2CH2, CH2CH2CH). 1.98 (s (broad), 3H, NH2..OH). 2.3 (m, 1H), 2.46 (m. 
1H), 2.55 (m, 1H), 2.75-2.85 (m. 3H), 3.19 (m; 1H. NCHCH2). 3.4 (2xd, 1H. .J= 
3 Hz and J = 11 Hz, IXCHCH2OH), 3.6 (2xd. 1H. J = 3 Hz and J = 11 Hz. 
IXCHCH2OH); IR tWcm-^; 3375 (NH2). 3300 (NH2), 3200 (OH). 297.0-280Q 
(CH2. CH3). 1600. 1475. 1375, 1230 and 1060; FAB MS. m^&(M+H)* 145. 

iRcffereinice Exampll© 114 . • . 

* * • - • 

* il-Amooo-e4hyl-pyirirol5dflini»3»ofl (Sil4^ 

The method follows that of S6 using 3-hydroxy-pyrrbIidin-.1 -yl^cetonitrile 

■ • ■ • 

(15 g, 0.107 mol), LiAIH4 (10.17 g. 0.268 mol) and dry THF (150 rtiL). The title 
compound (9.55 g, 69 %) was afforded as a straw-coloured oil and used for the. 
next step without further purification. 4, (250 lyiHz; CDCIg); 1 :55-1 .85 (m, 2H, 
2xring-H), 2.05 (s, 3H, OH, NHj), 2.25-2.55 (m, 6H, 4xring-Hand H2NCH2CH2iVS, 
2.9 (t, 2H, H2NCH2CH2N) and 4.05 (m, 1 H, CH2CHOH); FAB MS, m/z(M+H)* 

. 131. ■ • 

Pereipairadooini ©1F dhuromoplhoires 
• " . 

Ref ereimce ExampOe i § 

'9,§-Diamioo-4,8-Oilh)ydroxyanftlhiraqulinoinie ■ - 

In a 2 litre round bottom flask was placed 1 ,5-diaminoanthraoene-9, 1 0- 
dione (1 2 g, 50 mmol). Concentrated sulphuric acid (1 80 g) was added and the 
mixture was stirred 15 minutes at 0 °C before adding sodium chlorate (14,4 g, 
134 mmol) portionwise over 45 minuties. The reaction mixture was allowed to 

* » - 

warm up td room temperature where it was left stirred for 3h before it was 
poured into 1% solution of chilled sodium hydrogen sulfite (1 L).- The 
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precipitated solid was removed by filtration and was Washed succdssiVely with 
' cold >A/ater and then hot water. After lyophilisatjon overnight, the produdt (1 1 .3 
- g, 83 %) was obtained as a crude purple-blue solid. FAB MS,. m/^M+H)^ 271 . . 

Refferemice EKampE© lis ' 

• ' 5; .§9 8-Oilhydlro2cyOey coqy ii.ooza(ro.in) {[Ley (S(S)»;il p^pi,®^''' 

' te4rahydiro3iyaoftlhiraqyiinioini©).(liI)- 

' • ' . • -.• . " • ■ • . • 

• To crude 1 ,5-diamino-4,8-dihydroxyanthraquinone (1 1 g, 0.041 mol) was. 

added NaQH (2.5 M, 200 mL) and the suspension was refluxed gently for 3 

hours before it was allowed to cool down to room temperature. Sodium 

• • , • . • . - < . • 

10. hydrogen sulphite (31 .74 g, 0.1 82 mol) was added portionwise and the reaction 

*- ' • • *.'•... , . ■ . . ' 

mixture was refluxed again for 3 hours. It was cooled down to room temperature 

• . ' • ' 

and was acidified with concentrated hydrochloric acid until pH 3. The 
precipitate was isolated by filtration and washed, successively with cold water 
and then hot water. After lyophilisation overnight, the title compound was 
is afforded as a crude brown solid (8 g, 73 %). FAB MS, m/z{M+H)* 251 . 

Refeireinice ExampB© 11-7. 
. - - 11,4-Doiniyoiro-S,9-DDlhydiroxyainftllTiraqyoo {Q} . 

. • • * * ' ^ ^ 

A mixture of ground AlCU (2,955 g. 22.16 mmoi). NaCI (432 mg, 7.39 
mmol). 1 ,4-dihyclroxybenzene (224 mg, 2.03 mmol) and 3,6-difluorophthalic dry 
2 0 (340 mg, 1 .85 nrimol) were stirred vigorously in a round bottom flask and heated 
to 220 'C in an oil-bath for 3 h. The oil-bath was removed and tiie reaction - 

quenched by addition of ice and concentrated hydrochloric acid (10 mL). The 

■ « • 

final aqueous solution was filtered under suction and the precipitated material, 
was washed with water followed by freeze-drying. No further work-up was 
25 required, as the brown title-ddmpound (470 mg, 92 %) was pure as observed 

• ■ • 

by TLC and confirmed by NMR and lyiS: 4h(250 MHz; CDCI3); 7.3 (s, 2H), 7.55 
(m, 2H), 12.9 (s, 2H); FAB MS. m/z(M+H)* 277. 



• Reference Example 18 . 

. - ■ 

1 .[[i2-(Dimethylamlno)ethyl]amlnol-4-fluo.ro-5,8-: 
dihydroxyanthracene-9,1 0-dione (HAQ1 07) 

1,4-Difluoro-5,8-dihydroxyanthraciulnone (0.60 g. 1:812 mmol) . A/,A/- . 
dimethylethylenediamine (0. 1 6 g. 1 .81 2 mmol) and pyridine (3 mL) were 
stirred for 24 h at RT. The mixture was quenched in cold brine (50.itiL) and left; 
for 3 hours before the crude product was isolated by filtration. Thei cfude 
product was chromatographed using a gradient elution from .1 to 5 % MeOH in 
CH2CI2. The pfodu^ HAQ107 was afforded asr a purple powder (6^24 g, 38 %). 
4^(260 MHz; DMSO); 2.35 (s. BH. 2XNCH3) 2.7 (t. 2H. HNCH2CH2N), 3.5 (q, 2H. 
HNCH2CH2N). 7.1 (s. 1H), 7.1 (s. 1H), 7.4 (s, .2H, C(6)H and p(7)H). 1.0.76 (t, 
2H, C(1 )NH and C(4)NH) and 1 3.4 (s. 2H. C(5)OH and C(8)OH); 4.(62 9 MHz; 
DMSO); FAB MS, /^>^a(M+H)* 344. 

• • • » 

Chromophore Substitution Reactions 
Examples 1 and 2 . 

Amihation of Leucoquinizarin and 5,8-Dihydroxyleucoquinizarin 
ll{[(2-Dimethylamin6)ethyllamino}-4-{[2-(3-hydr6xypiperldln-l- 

yl)ethyl]aminoj-anthracene-9,10-dione (HAQ22) and 1.4-Bis-{I2-(3- 
hydrpxyplperidin-l-yl)ethyl]-amino}-anthracene-9,10-dipne (HAQ24) 

♦ • • • 

A/-A/-dimethylethylenediamine (0.92 g, . 10.42 . mmol) and 1-(2- 
aminoethyl)-3i-piperidin-3-ol (1.60 g. 10.42 mmol) in EtOH (5 mL) were 
simultaneously added to a suspension of leucoquinizarin (0;63 ig, 2.61 mmol) 
in EtOH (26 mL) under Nz- After 8 h of stimng at reflux temperature, the 
reaction mixture was stin-ed at RT another 14 h. The. EtOH was removed in 
vacuo and the remaining residue was added to ice-cold. brine. Tlie precipltatied 

... . 

solid was isolated by filtration and lyophilised. The dark blue solid was flash 
chromatographed In a short column by first using CH2CI2 to remove non-polar 

' * ■ • • 

side-products, then by increasing. the polarity gradually removing more side- 
prpdlicts and finally by using CH2CI2/CH3OH (4:1 ), obtaining the desired crude 
components. The cmde solid was ! flash chromatographed using 
CH2CI2/CH3OH/NH3 (94:6:0.75) as eluent. To. obtain pure components a final 



4 4 . • . 

* • 

* ^ - • - 
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• • • 

t • - • • • 

• ' * • - 

purification was made by preparative TLC using CHzCiz/CHgOH/NH^ (94:6:0,75) 

■ * ■ . ^ 

as eluent. HAQ22 and HAQi24 were afforded as dark-blue solids (0. 12 g, 1 0 %). 
• and (0.16 g, 12%) respectively. - . 

IK1AQ22 4,(250 MHz; CDCI3); 1.5 (m,2H,CH2CH2CH2), 1.8 (m,1H,. 

• ' - • • , * 

5. : ixCHaCHzCH). 2,0 (m. 1H, IXCH2CH2CH). 2.2 (t, 1H. IxNCHaQHg). 2.3 (s, 6H, 
2XNCH3), 2.5(d, TH, IXNCH2CH), 2.6-2.8 (m, 7H, 2xNCH2CH2iSS, IxNCHzCH 
and OH), 3.4 (m. .4H. 2XH2NCH2CH2N), 3,9 (m, 1H. CH2CHOH), 7.1 (d, 2H.. 
C(2)H. C(3)H), 7.62 (m, 2H, C(6)H, C(7)H), 8.32 (m. 2H. C(5)H, C(8)H), 1 6.75 
' (t, 2H, C(1)NH) and 11 (t, 1H, C(4)NH); ^b(62.9 MHz; CDCI3); 21,18. 31.47, 
10. 39.72, 41 . 1 3, 45,72, 53.06, 56.05, 58.63. 60.06, 65.99, 1 1 0. 1 5, 1 23.55^ 1 26. 1 6, 
131.97, Ii34.48, 145.78 and 182.41; FAB MS, m/z{M+H)* 437; IR o^cwT^; 
3450 (broad, OH), 3220(NH), 3020 (Ar-CH), 2960-2800 (CH2 - CHa),. 1650, 

■ ♦ • * 

1625, 1575, 1480, 1380 and 1220. 

HAQM 4i(250MHz;CDCi3);1.5-1.9(in.10H,8xring-Hand2x6H). 

' • • , • 

IS .2.1 (m, 2H, 2xring-H), 2,25 (m, 2H, 2xring-H). 2.5 (d, 2H, 2xring-H), 2.75-2.9i5 
(m, 6H. 4xring-H and 2XHNCH2CH2N), 3.5 (q. 4H. 2XHNCH2CH2N). 3.95(m, 2Hi 
2xCH2eH0H), 7.2 .(s,t2H, C(2)H and e(3)H), 7.65-(fn. 2H. G(6)H and C(7)H), 
8,35 (m, 2H, C(5)H and C(8)H), and 1 1 .0 (t, 2H, C(1 )NH and C(4)NH); FAB MS, 

m/fe(M+H)* 493; 

20 The following are examples of the invention and corrfparatlye examples. 

The reaction schemes are shown in schemes 2 and 3. In these schemes, step 
(I) is the addition of one amino alky! amino side chain carried out in pyridine at 
90X for 30 min - 1 hr; step (II) is chlorination carried out using (Ph)3PCCIy and. 

4 

CH2CI2 and at reflux for 3-1 Oh using etiiereal HCI. In scheme 3, step (111) is a 

i 

25 further side chain linking step carried out at reflux in ethanol; and step IV Is 

chlorination of the side chain hydroxy! groups carried out in pyridine at 30-60**C 
for 2 to 5 h, using etherjeai HCI, 

• • • " • 
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•ExampBe 3 . ' : • - 

'.1i,4-Bis^[2-(3-Ihydr6xymethylpiperDdone4°yO}GtlhyD|amS^ 

dohydroxyan4hraceirte«9,i ©-dioBTie (H^ 

[1-(2-aminoethyl)-piperidin-3-yllmethanol (1.!9 g, 12 mmoi).in EtOH (2 

* • ■ * 

* . " . ■ ■ - ' • . 

mL) was added to a stirred suspension of S.Srdihydroxyleucnquihizsurin (272 
mg, 1 mmol) in EtOH (15 mL) under Nj. fi^er 7 h of stirfjng. at reflux 

• • • • ^ 

temperature, the reaction mixture was cooled 6o\m to RT and stirred for 
ahbtlier 1 6 h. The EtOH was removed in vacuo and the remaining residue vivas 

* • • • • ■ 

added to ice-cold brine. The precipitated solid was isolated by filtration and 

lyophiiised. The darl< blue solid was flash • chromatographed using CH^CIa 

•■ ■ • " . . • 

followed by gradual increase in polarity to CH2CI2/CH3OH (4:1). Subsequently, 
the crude product was flash chromatographed using CHzCycHsOH/iSHHs 
(94:6:0.75) as eluent. The title compound was afforded as dark-blue solid 
(115.9 mg, 21 %). M.p. 180-183 'C; 4,(250 MHiz; CDCI3); 1.1-1.95 (m, 12H, 
2xOH and lOxring-H), 2.25 (m, 4H, 4xring-H ), 2.7 (t. 6H. 2XHNCH2.CH2N and 
2xririg-H), 2.95 (2xd, 2H. 2xring-H). 3.5 (m, 4H. 2XHNCH2CH2). 3.65 (m. 4H. 

• • • 

2xCHCH2dH), 7.1 (s. 2H, C(2)H and C(3)H), 7.2(s,2H. C(6)H and C(7)H), 10.5 
(t, 2H. C(1)NH and C(4)NH) and 13.6 (s, 2H, C(5)OH and C(8)0H); .^b(62.9. 
MHz; CDCI3): FAB MS, m/ziM+H)* 553; IR y^cm'^ 3400 (OH), 3225 (NH), 
3100(Ar-CH), 2960-28p0(CH2,.CH3), 1650, 1625, 1675, 1480, 1370and 1225; 
Anal, calcd for C3oH4oi^406: C, 65.20; H, 5.47; N, 10.14, Found: C, 65.16; H, 
6.49; SSl/9.93. 

■ Escamplle 4 

1,4-Bos-<[2-(3-hydroxymethyIp5peridEoe-l-yl)ethyl]am 
9,1©-diioinie (HAQ3S) . . • .; .• 

Although not shown in scheme 3, the method follows that of HAQ70 
using leuboquinizarin (0.23 g, 0,95 mmol), [1-(2-aminoethyl)-piperidinr3-yl- 
Jmethanol (0.06 g. 3.8 rnmo!) and ethanol (25 mL). The title compound was 

■ * • - - * 

yielded as a dark-blue, solid (0.15 g. 29 %). M.p. 112-114 •C;.4^(250.MHz; 
CDCI3); 1.16 (m, 2H, 2XCH2CHCH2OH). 1.5(-1,75 (m, 6H, 2XCH2CH2CH and 
2XCH2CH2CH2), 1.85 (m, 2H, 2XCH2CH2CH). 2.3 (m, 4H, 4xring-H), 2.5 (s 



• - • ■ • 

23 

• • ' • • • • 

• m 

(broad). 4H, 2xring-H, 2xOH), 2.65 (t, AH, J -5Hz, axHWCHaCHaN), 2.75 (2xd, 
2H, J= 3 Hz and 12 Hz. 2xring-H), 3.42 (q, 4H. J= 5 hfe. 2XHNCH2CH2N). i3.55 

» • » • • • 

(2xd, 2H. J = 5 Hz and 12 Hz, 2XCHCH2OH), 3J (2xd. 2H, J = 9 Hz and 1 2 Hz, . 
2XCHCH2OH). 7.1 (s, 2H, C{2)H and C(3)H), 7.6 (rii, 2H, C(6)H and C(7).W), 8.3 . 
5.. . (m, 2H, C{5)H, C(8)H) and 10.75 (t, 2H, .0(1 )NH and C(4)NH);. ^b(62.9 MHz; 
CDCI3); 24.06, 26.92, 37.90^ 40.52, 54,43, 56.95, 67.75, 65.70. 1 09.89, 1 23.87. 
1 26. 1 3, 1 32.09, 1 34.46, 1 46.6 and 1 82.36; FAB MS. m/z{M+H)* 521 ; IR 
tw/cm-^ 3400(OH), 3090(Ar-C>l). 2960-2800(0 H^, CH3), 1650, 1585, 1550, 
1520, 1265, 1 175 and 1 125; Anal, calcd for 0^40^^407: Cr6a2irH. 7.'74; N, 

. . . . • ■ ■ 

10. 1 0.76. Found:. C, 69.22; H, 7.88; N.. 1 0,69^ . 

' Bpso SubstoHiiuiiBOin) .of -FllyoBldlGS of. il,4-DflfDaiioro-S,8-dai)i]fdl(ro^» 
arDlthiraqiuiainioinie by OoainniQini® 

*• * * 

* • • • » 

Eitaimiplle S 

' . * *' ' • ' 

1l-[(2-Dimetthyiamiinio)etIiiyllamono]-^-^^ 

■ • • » • ♦ 

' • - * * * ■ • 

15 - . . ' yl)e1thylainni5no3"S,8-dohydroxy-ainitthra^ 

■ 

The method follows that of HAQ105 (see Example 7 below) using 
:HAQ107t200mgr0i581-mrriol)r[i^2-aminoethy!)-piperidln-3-yl-]meth 
mg. 2.21 5 mmol), pyridine (2 mL), 90 'G, 30 min. Tlie product yfia& afforded as 

■ • • 

a dark blue powder (1 90 mg, 68 %). M. p. 1 81 -1 83 'C; (250 MHz; GDCI3); 1 .2 
20 . (m, 2H, 2xring-'H), 1 .6-1 .9 (m, 5H, OH and 4xring-H). 2.1 8-2.3 (m,:2H. ring-H), 
2.35 (s. 6H. 2XNCH3), 2.6-2.75 (m, 4H, 2XHNGH2CH2N), 2.9 (2xd. 1 H, 1xrlng-H), 
3.46 (m, 4H, 2XHNCH2GH2N), 3.65 (2xd, 2H, CHGH2OH), 7.15 (s, 2H, G(2)H 
arid G(3)H), 7.2 (s, 2H, C(6)H and G(7)H ). 1 0.4 (t, 1 H. C(1 )H), 1 0.5 (t. 1 H. 
C{4)H), 13.5 (s, 1H, C(8)H) arid 13.6 (s, 1H. C(6)H); <5b(62.9 MHz; CbClg); 
25 24.33, 26.92, 38.29, 40.03, 40.87, 45.42, 54.23, 57.03, 58.20, 65.99, 108.97, 
1 1 5,33, 1 23.43, 1 23.65, 1 24.51 , 1 46.99, 1 46.09. 1 55.32. and 1 84.98; FAB MS. 
m^M+H)* 483; IR u^cm'^ 3425 (OH), 3225 (NH). 31 00 (Ar-GH), 2975-2800 
(GH2, CH3). 1650, 1626, 1575, 1490, 1360. and 1225; Anal, calcd for 
G26H34N4O5: C. 64.71; H, 7.10; N, 11.61. Found: G, 64.81; H, 7.14; N, 11.56. 

• • • • ■ 
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• I < • . * ..... 

■ • * » « • • 

• * • - 

.11-E(2-Diimethylaminb)e(lhylamlnpi-4-[2-(3-hydr6xyplpero^^ 

yl)ethyllamlno3-S,8<8ihydroxy-anthiraceinie=9,10-c8Boini©.'(IHlAQ?3) • . 

The method follows that of HAQ105 using HAQ107 (120 mg, 0.349 
5 mmol), 1K2-^minoethyl)-piperidln-3-ol (150 mg, 1.047 mmol);pyrW^^^ 

30 rriln, 90 'C. The product was afforded as a dark blue powder (9^ nig, 58 %). 
M.p. 228-230 'C; 4 (250 MHz;: CDCI3): 1 .65-1 .75 (m, 4H, 4xring-H). 1 ^83-2.0 
. (m, 2H, 2xring-H). 2.28 (2xd. 1 H. ring-H). 2.35 (s. 6H, 2XNCH3), 2.65^2.75 (2xt, 
5H, 2XHNCH2CH2N and OH). 3.46 (m, 4H, HNCH2CH2N), 3.9 (m, 1H, 
10 NCH2CHOH). 7.1 (s. 2H. C(2)H and C(3)H), 7.1'6 (s. 2H. C(6)H and C(7)H ). 
: 1 0.4 (t. 1 H. C(1 )H). 1 0.6 (t^ 1 H, C(4)H), 1 3.4 (s, 1 H, C(8)H) and 1 3:5 (s, 1 H, 
C(5)H); iib(62.9 MHz; DMSO); 21.48, 31 .52. 39.99. 41 .26, 45.61 , 53.31, 56.14, 
58.43, 60.20. 66.03, 109.11. 115.43, 115.48. 123.81. 124.70. 146.29. 155.51, . 
and 1 85.24; FAB MS, m/z{M+U)* 469; IR o^amr^ ; 3425 (OH), 3240 (NH), 31 00 

• " . « • • 

15 (Ar-CH), 2975-2800 (CH2,.CH3), 1650. 1.625. 1575. 1490, 1375 and 1226; Anal, 
" calcd for C28H38N4O6: 0. 64.09; H. 6.88; N. 1 1 .96. Found: 0. 63.88; H. 6.89; N, 
..ti;>98._ ' •. . .' . : - 

' • ' . * * 

• • * * 

11,4-B5s-{|2-([2-lhydiroKymelthyOpopeirlldln-ll-yll)©4lhiyl3aimBinio)-S,^ 

•20- ' d5hydroxy-an4hraceini©-S,10-diiooe (IHAQ10 

• - * 

1 ,4-Difluoro-5,8-hydroxyanthraqulnone (p. 1 7 g, 0.601 mniol) and [1 -(2- 
. aminoethyl)-piperldin-2-yl-]methanol (0.95 g, 6.01 mmol) were stirred In pyridine 

• .. *•- • '.* 

(2 mL) at 90 X for 1 h. The reaction mixture was added to lce-<»ld brine and 
set aside at 4 "C overnight. The precipitated solid was isolated by filtration and 

25 lyophilised. The desired product was purified by flash chromatography, initially 
eluting with CH2CI2/CH3OH (95:6) to remove non-polar impurities., followed by 
a gradual increase of CH3OH to CH2CI2/CH3OH (85: 1 5). The chromatographed 
prbduct was then crystallised from CHCI3 affording the title compound HAQ1 05 
as a dari< blue powder (0.1.1 g, 34 %). M.p. 208-210 '0; 4<(260 MHz; DMSO); 

30 1 . i 5-1 .65 (m, 1 2H, 2xOH and 1 0xring-H), 2.26-2.4 (m. 6H, 6xring-H), 2.6-2.7 
(t, 4H, 2XHNCH2CH2N). 2.86 (m, 2H, 2xring-H), 3.56 (t, 4H, 2XHNCH2CH2N), 



.25 

• • • . • 

• • • 

3.6-3.65 (2xd. 4H, 2XCHCH2OH), 7.2 (s, 2H, C(2)H and C(3)H), 7.5 (s, 2H, 
. 0(6)^ and .C(7)H), 10.75 (t,2H,C(1)Nif^andCW)NH) and 13.65 (s.2H,C(5)OH 
and C(8)0H); «5b{62.9 MHz; DMSO); 22.55. 24.92, 28.14, 50.99, 52.32, 61.94, . 
62.42, 1 07.03, 1 1 6. 1 1 , 1 23.89, 1 25.9.1 , 1 47.07, 1 54.46, and 1 82.88; FAB MS. . 
'5.).' mA^m+H)* 553; IR y^cm-^ 3400 (OH), 3225 (NH), 3100 (Ar-CH), 2960-2800 
(CH2, CH3), 1650, 1625, 1576, 1480, 1370 and 1225; Anal, calcd for 
C3oH4oN40e. 1 H2O: C, 63.14; H. 7.24; ts!, 9.82. Found: C, 63.07; H. 7.49; N,. 

:9.77. . • ■ . ■ • • -. ■ ^ 

' EstampieS 

. . . • , • ^ * , 

10..' - 1°{[(2-Diime1thyDamin)o)ettlhyll]amiiino>^ - 

• * • ' . ' . 

* 

The method follows that of HAQ1 05 using HAQ107 (75 mg, 0.21 IB mmol), 
[1 -(2-aminoethyi)-pyn'olidln-2-yi-]methanol (650 mg, 4. 1 1 4 mmol), pyridine (2 
mL),1 h, 90 °C. The product HAQ1 10 vyas affoitled as a dark blue powder (52 

• • - • , ■ ' ' • 1 

15 mg,51 %). M.p. 202-203 'C; «5h(250 MHz; DMS0/CDCl3(1 :1 )); 1 .55r1 :9 (m. 4H. 
4xring-H), 2.3 (s, 6H, 2XNCH3), 2.5-2:55 (m, 1H. 1xring-A^, 3.25-3.4 (m, 7H, 
axHi^CHaCHaN, 2xring-H and OH), 3.45-3.6 (m, 6Hi 2xHNCH2CH2SS8 and 
NCHCH2OH), 7.05 (s, .2H, C(2)H and C(3)H), 7.2 (m. 2H, C(6)H and C(7)H), 
10.6-10.7 (2xt, 2H, C(1)NH and C(4)NH), and 13.5 (s, 2H, C(5)OH, C(8)0H); 

20 <5b(62.9 MHz; DMSO/CDC^Irl)); 22.71, 27.65, 41.58, 44.83, 53.38, 53.53, 

• • • 

57.54, 64.07, 64.94, 107.10. 114.81, 123.73, 125.00, 125.11, 146.52, 154.36, 
and 1 83. 1 7; FAB MS, m^(M+H)* 469; Anal, calcd for C25H32N4OS:; C. 64.09; H, 
6.88; N, 1 1.96. Found: C, 63.83; H, 6.99; N. 12.05. 

Examplie 9 

25 'il-{|(2-DBme1thylamin6)ethyl3amono}-4^^ 

'• yII)etiliyD]amiiinio}-S,8-dilhyclfiroxy--antliracene-9,10-diloinie (IHAQil H 11 ) 

■ ■ 

The method follows that of HAQ105 using HAQ107 (18 mg, Q.0523 

* ■ 

. mmol), A/-(2-aminoethyl)-piperidin-4-ol (140 mg, 0.97 mmol), pyridine (1 mL), 
1 h, 90 'C. The product HAQ1 1 1 was afforded as a dark blue powder (16.1 mg, 
30 65 %). M.R. 231-233 X; 4i(250 MHz; DMS0/CpCl3(1:1)); 1.25-1.8 (m, 6H,^ 
6xring-H). 2.2-2.25 (m. 2H. 2xring-H). 2.35 (s, 6H, 2XNCH3). 2:5-2.8 (m, 5H, 



2XHNCH2CH2N and 1xOH). 3.6-3.55 (m, 5H, 2XHNCH2CH2N and NCH2CHOH). 
7.1 (s. 2H. C(2)H and C(3)H). 7.25 (m, 2H, C(6)H and C(7)H), 10.65 (t, 2H, 
C(1)NH and C(4)NH), and 13.65 (s. 2H. C(5)0H, C(8)0H); 4(62.9 MHz;. 
DMSO/CDCl3(1:1)); 27.78, 32.i.5...43 J2. 49.49, 64.73. 56.39. 65.09, 106.48, 
113.66, 122.55, 123.12, 123.39, 144.97, 153.33, 1 82.56; FAB MS. /J?/fe(M+H)* ; 

• - _ , - ■ * 

469; Anal, calcd for C25H32N4O5. 1 H2O: C. 6i.17; H, 6.84; N, 11.52, Found: C! 
61 .27; H, .6.64; N, 1 1 :40. : 

* • 

■ • H ,4-Bls-{[2-<3-lhydroxypyrroiidlo4-yl)e4hyD3amlpd}-^,S-d5Ihydiro^ 
antlDracene-d^lO'-KilSoiiie CMAQ-0 1,0). 

Although not shown in scheme 3 the method follows that of HAQ105 
using 1 ,4-difluoro-5,8-hydro)Qr-anthraquinone (75 mg, 0.272 mnriol), 1-C2- 
amlnoethyl)-pyrrolidin73-ol (1. g, 7.7 mmol), pyridine (2 mL), 1. h, 100 "G, The 
product HAQ115 was. afforded as a dark blue powder (59.2 mg, 44 %). 

* * • • ' * * 

M.p. 197-1 99 'C; 4<(250 MHz; DMS0/CPCI3(1:1)); 1.55-1.65 (m, 2H. 2xring-H),. 
2.0-2.1 (m, 2H, 2xring-H). 2.45-2.9 (m. 10H, 8xring-H and 2xOli), 2.75-2.85 (t, 
4H, 2XHNCH2CH2N), 3.56-3.65 (q, 4H, 2XHNCH2CH2N), 4.05-4.15 (m, 2H, 
2XCH2CHPH), 7.05 (s, 2H, C(2)H and C(3)H), 7.3 (m, 2H, C(6)H and C(7)H). 
1 0.i55 (t. 2H, C(1 )NH and C(4)NH). and 1 3.55 (s, 2H, C(6)0H. C(8)OH); <%(62.9 
MHz; DMSO/CDCl3(1:1)); 28.01, 34.73. 41.22, 62.18, 54.42. 62.33, 69.26. 
107.01, 115.04. 123.79. 124.90, 146.43, 154.38, and 183.21; FAB MS, 
m/fe(M+Hr 497; Anal. Calcd for C26H32N406: C, 62.88; H, 6.51 ; N. 1 1 .28. Fourid: 

m 

C, 62.50; H, 6.64; N. 1 1 .00. 

Example HI • ■ 

* • ■ 

■ H,4-BDS-{i2-(4-lhydroxypopeiridiini-l-yI)ettlhyl^ 

• ' .''. *■'* 

anthracene»9, 1 0ndlQOinte (H AQ1 11 6) 

... 

The method follows that of HAQ105 using 1 ,4-dlfluoro-5,8-hydroxy- 
anthraquinohe (45 mg, 0,163 mmol), 1 -(2-aminoethyl)-piperidin-4-ol (1 g, 42.6 
mmol), pyridine (2 mL), 1 h, 90 "C. The product HAQ116 was afforded as a 
dark blue powder (36.2 mg, 42 %). M.p. 241-244;C; 4,(250 MHz; CDCIa); 1 .25- 
1.66 (m,. 12H. 12xring-H), 1.7-2.0 (m, 4H, 4xring-H), 2.65-3.0 (m; 6H, 



* • 

* • ■ 

27 . 

• ... 

■ 

2XNCH2CW2N and 2xOH), 3.6-3:8 (q. .4H, 2xHNCH2CH2liSJ), 4.1 (m, .2H. 
. 2XCH2CHOH), 7.2 (s. 2H, C(2)H and C(3)W)., 7.6 (m. 2H, C(6)H and C(7)H), . 

. . • • " ■ ■ . ' * . 

1 0.6 (t, 2H. C(1 )NH and C(4)NH). and 1 3.6 (s. 2H. C(5)pH. C(8)0H); ^b(62.9 
MHz; CDCI3); 31.67; 39.45, 41 .56. . 49.56, 64.66. 109.22. .115.40, 124.82.. 
5 . 126.45, 146.39. 154.70, 164.022. and 183.54; FAB MS, m/fe(M+H)* 525. 

Example iia . . " .' • 

* • * 

• 11»£E(2-DimetlliBylam5ooi)e4hyl|amipo}-^^ 

• • •• 4 

yI)efthyO]ambo}-S,8-dDlhiydro5ty-airB4hracein)^^ .([[HIAQ112@J-. " 

The method follows that of HAQ1 05 using HAQ1 07 (45 mg, 0.13 mm.ol), 
10. . 1 -(2-aminoethyi)-pyrrolidin-3-0l (880 mg, 6.77 mmol), pyridine (1 mL), 30 min, 
i 00 "C. The product HAQ1 20 wias afforded as a dark bluei powder (24 mg, 4.1 
%). M.p.195-198 "C; ^h(250,iViHz; DMSO/CQCl3(1:1)); 1.55-1.7 (m, 1H, Ixring- 
H). 1 .95-2.0.6 (m. 2H. 2xring-H), 2.3 (s, 6H. 2xNCH3j, 2.35-2.4 (m, 1H, Ixcing- 

. • • • 

H), 2.5-2.6 (t, 4H, 2XHNCH2CH2N), 2.6-2.85 (m, 2H, Ixring-H and OH), 3,5- 

• ' - 

15 3.56 (q, 4H, 2xHNCH2CH2iM), 4.25 (m, 1 H. CHjCHOH), 7. 1 (s. 2H, C(2)H and 

• , « 

C(3)/V), 7.4 (m, 2H. C(6)H and C(7)H), 1 0.6 (t, 2H. C(1 )NH and C(4)NH), and 
-1 3.5 (s. 2H..C(5)0ff.-G(8)OH); <5b(62.9 MHzj DiyiS0/CDCl3(1 :1 )>;-34.1 9, 41 :22. 
52.1 8. 54.42. 62.33, 69.26; 1 07. 1 8, 11 4.78, 1 23.79, 1 24.90, 1 46.90, 1 54.38, 
and 183.16; FAB MS, /7vfe(fVl+H)* 455. 
20 • EjiampOe IS.- 

lKI(2-DimethyOamlinio)e4lhyOamino}-4-{p«^24iydro 
0-yl)ethyl]-amiino}-§,8Hdolhydiroxy-ainttlhiiraceine-9,110-dooff^ 
The method follows that of HAQ105 using HAQ107 (30 mg, 0.0872 
mmol), [1-<2-amin6ethyl)-piperidin-2-yl-]methan6l (700 mg, 4.43 itimol), pyridine 
25 (1 mL), 30 min, 100 *C. Thei product HAQ121 was afforded as a dark blue 
powder (21 .3 mg. 51 %). M.p. 201 -203 °C; 4,(250 MHz; CDCI3); 1 .7-2.1 (m, 7H, 
. 6xring-H and OH), 2.6 (s, 6H, 2XNCH3), 2.8 (m. 2H, 2xring-H). 2.9 (t, 4H. 
. 2XHNCH2CH2N), 2.9-3.1 (m, 1 H. IXNCHCH2). 3.6-3.65 (t, 4H, 2XHNCH2CH2N) 
3.9-4.1 (2x. 2H. CHCH2OH). 7.05 (s, 2H, C(2)Hand C(3)H). 7.15(m, 2H. C(6)H 
30 and C(7)H). 10.5 (t. 2H. C(1)NH and C(4)NH), and 13.65 (s. 2H. C(5)OH. 

* * * * 

C(8)0H); 4(62.9 MHz; CDCI3); 23.06, 23.93. 26.94. 40.57. 41.13, 45.59, 50.42, 



51.88, 58.35, 61.44, 62.65, 108.67, 115.43, 123.45, 124.12, 146.11, 155.24. 
and 184.63; FAB MS. m/z{M+Hy 483; Anal, calcd for C26H34N4O5: C . 64.71; H, 
7.10; N, 11.61. Found: C, 64.45; H, 6.85; N, 11.79; 

' * 

Example 14 

* 

1,4-Bis-{[2-(2-hydroxymethylpyrrolidm-l--yl)ethyl]amino}-5,8- 

_ - mm. 

dihyciroxy-anthracene-9,10-Glione (HAQ125) 

As shown in scheme 3 the method follows that of HAQ105 using 1,4- 
difluoro-6,8-hydroxy-anthraquinone (75 mg, 0.272 mmol), [1 -(2-amin6ethyl)- 
pyrrolidin-2-yl-]methanol (1 .5 g, 10.42 mmol) pyridine (2 mL), 2 h, 100 °C. The 
product HAQ125 was afforded as a dark blue powder . (58.1. mg, .41 %); 
M.p.202-204 'C; 4<(250 MHz; DMSO/CDCl3(1:1)); 1.6-1.9 (m, 8H, 8xring-H), 
2.2-2.3 (m, 2H, 2xrlng-H), 2.6-2.75 (m, 6H, 2XHNCH2CH2N .artd.2xrlng-Hj, 3.1- 
3^2 (m. 2H, 2xring-H), 3.3-3.6 (m, 10H, 2XHNCH2CH2N, 2XNCHCH2OH and 

• • • 

2xOH). 7.1 (s, 2H, C(2)Hand C(3)H), 7.5 (m, 2H, C(6)H and C(7)Hj. 10.7 (t, 2H, 
C(1)NH and C(4)NH), and 13.55 (s, 2H, C(5)0H. C(8)OH); .^(62.9 MHz;. 
DMSO/CDCl3(1:1)); 22.75, 27.65. 41.59, 63.56, 64.08. 64.96. 107.14, 114.92, 
123:79. 125.30, 146.65, 154.37, and 183.15; FAB MS, /7i/fe(M+H)* 525; Anal, 
calcd for C28H36N4O6: C. 64.14; H. 6.87; N, 10.69. Found: C. 64.09; H, 6.98; N, 
10.77. 

• * 

Example 15 

1-{[2-(2,6rDihydroxymethylpipericiine-l-yI)ethyl]-amino}-4-{[(2- 

. . * 

Dimethylamino)ethyl]amino}- 5,8-dihydroxyanthracene-9,1 0-dione 
(HAQ143) 

• • • • . 

The method follows that of HAQ1 05 using HAQ1 07 (78 mg, 0.227 mmol), 

■ 

[1 -(2-aminoethyl)-plperidin-bis-2,6-yl-]methanbl (420 mg, 2.283 mmol), pyridine 
(2 mL), 30 min, 100 'C. The product HAQ143 was afforded as a dark blue 
powder.(63 mg, 54 %). M.p. 216-218 'C; 4i(250 MHz; CDCI3); 1.4-1.8(m, 6H, 
6xring-H), 2.35 (s, 6H, 2xNCH,). 2.65 (t, 2H, IXHNCH2CH2N), 2.75-2.85 (s, 2H. 
2XNCHCH2), 3.0 (t; 2H, HNCH2CH2N), 3.35-3.45 (m, 6H, 2XHNCH2CH2N. and 
2xOH), 3.7 (d. 4H, 2XCHCH2OH) 7.05 (s. 2H..C.(2)H and C(3)H), 7.15 (m, 2H, 

• « 

C(6)Hand C(7)H), 10.5 (t, 2H, C(1)NHand C(4)NH), and 13.65 (s, 2H, C(5)QH, 
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• ... 

■ 

C(8)0H); <5b{62.9 MHz; CDCI3); 20.90, 24.85, 41 .27. 42.36, 45.63, 50.50, 58.42. 
61.95,64.60, 107.01,115.38, 123.89,124.92, 146.39, t55.85,and185.21;FAB 

MS, m/z{M+H)* 513; Anal, calcxl for C27H36N4O6: C, 63.26; H, 7.08; N, 10.93. 
Found: C, 62.93; H, 7.12; N, 10.84. . 

• * ■ • 

' 5-. ■ ' . ExampJe 16 

•» , . • • 

1-{i2-^2-HydroxymethyIpyrrplidin-l-yl)ethyll]amBno}<iinthrace^ 
dione (HAQ163) (scheme 2) . 

•• • . . , - . 

To [1-(2-aminoethyl)-pyrrolidin-2-yl-]methanol (1.63 Qi 11.3 nrimol) in 

.* , ■ . ' 

•* , • . * 

pyridine (1 0 mL) was added 1 -chloroanthraquinone (1 .37 g, 5.646 mmol), and 
10 the mixture was stirred at 65 ""C for 24 hours. Pyridine was removed in vacuo 

* m 

and the resulting mixture of oil and solid was dissolved in CH2CI2 and washed 

* • . . • . * 

with H2O (3x50 mL) to remove any unreacted amine. The separated organic 
layer was removed in vacuo and the crude product was chromatographed using 
. CH2CI2/CH3OH (97:3). The desired product was yielded as a red powder (0.21 
15 g, 11 %). M.p. 113-1 15 'C; 4,(250 MHz; CDCIg); 1 .75-2.0 (m, 4H). 2.25-2.35 (m. 
1H), 2.6-2.8 (m, 2H). 3.16-3.3.(m, 2H). 3.35-3.55 (m, 4H). 3.75-3.85 (2xd, 1H), 

- 

-:7.0 (2xd, 1 H), 7.45-7-,6 (ra, 2Hj. 7.65-7.8-(m, 2H), 8.2 (2xd_H). 8.45 (2xd). and 

' • ' ' . • ■ • 

.1 0.05 (s, 1 H, C(1 )NH); 4j(62.9 MHzr CDCIa); 24. 1 1 , 27. 1 5, 41 .64, 52:99, 53.82, 
62.61, 65.26, 113.15, 115.60, 126.57, 132.86, 1 33.81 , 1 35.32, 151:49. 183.77. 
2 0 and 1 84.89; FAB MS. m/ziM+H)* 351 ; AnaC. calcd for C21H22N2O3: C, 71 .98; H, 
.. 6.33; N, 8,00. Found: C, 71.79; H. 6,13; 8.07. 

* * • . . ' 

* Example 117 - " ; . 

• • " • m 

'3-{£2°(3-ChQo!ropgpeiridiin-D--yP)etllhiy'll]|ainniflinio>-4°{|{2- 
dimethylamino)ethyl|amipo}-S,8-dihydroxyanlilliraceinie-9,1IQi'<-dooinie 
•25 " ■" ' ■ (CAQISSSWij 

Preparation of eAQ166M . involved 5 steps, where none of the 

■ • 

intermediate products were isolated and purified. The preparation generally 
follows scheme 5 then scheme 3. 

(i): Boc protection of mono-hydroxylated diamine sidechains 

30 (ii): Mesylatioh of Boc-protected mono-hydroxylated diamine 

■ 

sidechains 



(iii): Chloripation of mono-mesylated diamine sldechains 
(Iv)- Deprotection of Boc group of chlorinated diamine sidecliain 
(v): Ipso substitution of fluoride of 1-[[2-(dimethylamino)ethyllaminb]r 
4-fluoro-5,8-dihydro)yanthraquinone. by chlorlniated diamine 
5 (i) 1 -(2-Aminoetliyl)-piperidin-3-oI (1 g. 6,94 mmoi) and EtgN ((1 .1 6 mL, 

. 8.33 mmol) was stirred together with CH3OH (10 mL) for 5 min^ .befcire BoQzO 
(1 .62 g, 8.33 mmol), dissolved in CH3OH (5 mL), was added dropwise over 1 5- 
20 min. The reaction . mixture was then stirred 20 h at 45 'C, before being 
-concentr«ted-//^vacuo.-^e-©ii-was-dilutedHn-EtOAG-(46-mW)-andTwash&l with 
10 2 X H2O (20 mL) and brine (20 mL). The organic phase was dried with 
magnesium sulphate (MgS04), and after filtration was concer\trated in vaci/o 
yielding a straw-coloured oil that needed no further purification (1. 35 g, 80 %)-. 

FAB MS, m/2(M+H)* 245. . . : . . . v 

(ioj MsCI (420 nL, 5.41 mmol) was added dropwise to an ice-cold solution 
15 of the Boo-protected amine (880 mg, 3.61 mmol) and Et^H (755 |iL, 5^41 mmol) 

• in dry CH2CI2 (1 0 mL) under Nj. After the reaction mixture was stirred for 1. h at 
0 'C, the solution was diluted with cold CH2CI2, washed with Ice-cold.NaHCOs 
and ice-cold brine. The organic phase was dried with MgS04, filtered and 
cx)ncentrated in vacuo at room temperature. The mesylated product was 

20 afforded as a cnade straw-coloured oil (965 mg, 83 %). FAB MS, m/z(M+H)* 

323a 

(iiS) Tetra-n-butylammonium chloride (2 g, 7.20 mrnol) was added to a 
stirred solution of the crude mesylate (965 mg, 3.01 mmol) in dry DMF (5 mL). 

• * • 

The reaction mixture was heated at 90 "C for 30 min. before DMF was removed 
25 in vacuo. The residual oil was taken up in CH2CI2 and washed with ice-eold 
NaHCOg and ice-cold brine. The organic phase was dried (MgS.04), filtered and 
solvent was concentrated /n vacuo at room temperature. The crude product was 
yielded as a straw-yellowish-cploured oil (624 mg, 79 %). FAB MS, m/i(M+H)* 
263. 

30 . (iv) The crude Chloride (624 mg, 2.38 mmol) was stirred In 4 M HCI in 

• . ■ . 

• • • * 

EtOAc for an hour to remove, the Boc group. To the acidic EtOAc solution, 



* • 

- 

31 

... - . 

cooled in an ice-bath, was siowiy added a solution of itirine and NH3 (pH = 1 2) 

■ * 

until the aqueous phase was pH 11. The, c^hlorinated diamine was then . 
' extracted into the organic phase, vvhich was dried with (i\^gS04). The solvent 

was removed in vacuo and the crude product was yielded as a brownish oil. 

• ' . . * • 

. (1 75 rrig, 45 %) that was used directly in the next step. FAB MS. m^m^H)* 1 63; 
' . iv) A mixture of HAQ107 (36 mg, 0.105 mmol) .and the crude Boc- 
deprotected chloride (1 75 mg, 1 .08 mmpl).was reacted in pyridine (2 mL) at RT 

. ' * • . . • * ' 

for 2 h: The reaction mixture was concentrated in vacuo and the crude product 

• . ' ' * * • . • • • . 

was purified by initially eluting with CHsCiz to remove non-polar impurities. 
10 followed by a gradual increase of CH3QH to CHgClz/CHaOH (97:3). The 

chromatographed. product was arystaliised from CHCI3. The title compound 

. ■ ' • ■ * ■ * ■ 

CAQ1 66M was yielded as a dark blue solid (35 mg, 60 %). M.p. dec. >^ 300 °C; 
4^(260 MHz; CDCI3): 1.5-1.9 (m. 4H. 4xring-H), 2,15-2.25 (m. 3H. 3xring-H). 
2.35 (s. 6H, 2xiMCH3), 2.65-2.8 (2xt, 4H. 2XHNCH2CH2N). 3.15-3.2 (2xd,1H. 

• ' _ • 

15 . ring-H), 3:45 (t. 4H. 2XHNCH2CH2N). 4.1 (m.. 1 H. CH2CHCI), 7.05 (s. 2H, C(2)H 
and C(3)H). 7. 1 5 (s. 2H. C(6)H and C(7)H), 1 6.45 (t. 2H. C(1 )NH and C(4)NH), 
and 13.5 (s, 2H, C(5)0H. C(8)OH); (5b(62.9 MHz; CDCI3); 24.95. 29.65, 34.88. 

• ♦ ■■ 

40.37. 41 .26, 45.63. 52. 85, 55.78, 56.28. 58. 39, 61 .43, 1 09.23. 1 1 5.39, 1 23.64, 
123.78, 124.66. 146.0^, 146.24, 155.41, 185.28. and 185.35; FAB MS, 
20 . /n/fe(M+H)*487. 

ExampBe H 8 

" ■ 1-{|2=H-Clhillorop5p®>5d5o-i-yO>eftlTiyl|-ainraiiini®} = 4l-C[[(2^ 

« * • 

• ' . . • 

- dimetlhyilamDinio}ethyD|amoinio}-S,8°dohyd[roxyao 
(CAQ1172)' 

25 The method follows that Of CAQ166M. 

. (a) 1-(2-Aminoethyl)-piperidin-4-ol (2 g, 13.89 mmoOEtglSS (2.32 mL, 
1 6.65 mmol), CH3OH (20 mL), B0C2O (3.63 g, 1 6.65 mmol), dissolved in CH3OH 
(5 mL). The reaction mixture was stirred 18 h. The product was afforded as a 
strawcoioured oil that needed no further purification (2.35 g, 69 %). FAB MS, 

30 m/2(M+Hr 245. 



(ii) Boc-protectedamjne(1.70 g, 6.94 mmoO.MsCI (810 ^L, 10.41. 

• « « • * « 

mmol), EtgN (1 .45 mL, 1 0.41 rhmol), dry CHaQla (20 mL). The mesylated product 
. was afforded as a crude straw-coloured oil (1 .39 g, 62 %). FAB MS; ni/i(M+H)* 
323. ' • . - . ■ • 

• • • . ..«*•- 

5 . . (iil) Crude mesylate (1.39 g, 4.29 mmoj), tetra-ii-butylammoniurn 

■, ^ . ■ . - •••• 

chloride (2.38 g^ 8.58 mmol). dry DMF (10 mL), 120 'C. 30 mini The crude 

.-' •». ..• 

chloride was afforded as a straw/yellowish-colbured oil (0.73 g. 65 %). FAB MS, 

■ * - * ' • 

m/z(M+»T263. ' . 

(Iv) Crude, chiorlde (0.73 g/ 2.78 mmol). 4M HCI EtOAc, 1 h! The 

10 crude Boc-deprotected amine was afforcded as a brownish oil (160 mg, 35 %), 
. FAB MS, m>fe(M+Hr 163. . 

(V) HAQ107 (36 mg, 0,105 mmol), cmdedepfotected sidechain (1.60. . 

* * • • • 

' • • , ^ • , ■ - 

mg. 0,98 mmol) pyridine (2. mL), 5 h, 45 'C. The title compound (CAQ1 72) was 

afforded as a dark blue solid (31 .4 mg, 54 %). M;p. 200-202 'C; 44(250 MHz; 
is CDCI3); 1 .3-1 .76 (m, 6H. 6xring-H), 1 .95-2.1 (m, 2H. 2xring-H). .2.35 (s, 6H» 

2XNCH3), 2.6-2.8 (t, 4H, 2xHNCH2CHiN). 3.3 (q, 4H. 2XHNCH2CH2N). 3.46 (m. 

-1H, CH2CHCI),-7.05 (s, 2H, C(2)H and C(3)/=0r-7-.1-(s, 2H. C(6)H .and C(7)H). 

1 0.45 (t, 2H. C(1 )NH and C(4)NH). and 1 3.55 (s. 2H, C(5)OH, C(jB)OH): 4(62.9 

MHz; CDCI3); 24.06, 34.69^ 45.38, 50.79, 56.25. 58.96, 1 09.09, 1 1 5.31 , 1 23.77, 
2Q 123.95, 124.61. 146.12. 146.22. 155.34. 161.33, and 185.29; FAB MS, 

m/fe(M+H)* 487; Anal, calcd for C^H3,CIN404.2HCI.3H20: C, 48.90; H, 6.24; N, 

* * m * 

9.12. Found: C. 48.77; H. 6.00; N, 9.10. 

. : Example 19 

1-{[2-(2-Ch1oromethylpyrrolidln-l-yl)ethyl]-amino}-4-{£(2- 
.25 Dimethylamino)ethyl]amino}-5,8-dihydroxyanthracene-9,10-di6ne 

(CAQ176M). 

The method follows that of CAQ166M. 

(i) [1-(2-Aminoethyl)rpyrrolidin-2-yl-]methanol(6g,34.72mmol).Et3N 
(5.8 mL, 41.67 mmol), CH3OH (40 mL), B0C2O (9.10 g, 41 ,67 mmol), dissolved 
30 in CH3OH (1 0 mL). The reaction mixture was. stirred 1 8 h. The product was 

■ • 

afforded.as a strawcoloured oil that needed no further purification (6.9 g, 82 %). 



(iiii) Booprotected amine (5.1 g, 20.9 mmot), MsCI (2.43 mL. 31.35 

■ • 

mmol), EtgN (4.32 nriL, 31 .35 mmol), dry CHzClz (50 mL). The mesylated product . 
was afforded as a crude straw-coloured oil (5.63 g, 84 %). FAB MS, m^{M-i-H)* 

245. 

■ * ' • • • 

(Dii^ Crude mesylate (5.63 g, 17-48 mmol), tetrar/i-butylammonium 
chloride (9.72 g, 1 1 .26 mmol), dry DMF (30 mL), 90 *C. 30 min. The crude 

• • • ■ - . • 

. • • • 

chloride was afforded as a straw/yellowish-coloured oil (2.2 g, 48 %). FAB MS,. 

• * . ',* ■' • *.*'•.•' 

(iv) Crude chloride (2 g, 7.58 mmoT), 4M HCI EtOAc, 1 h. The crude 

. * * . ■ 

• • ■ _ ♦ 

Boc<leprotected amine was afforded as a. brownish oil (675 mg, 55 %). FAB 
MS, m/fe(iy/i+H)*263. . 

{^J HAQi07 (95 mg, 0.276 mmol), crude deprotected sidechain (675 

* ' * . • * * * 

mg, 4. 1 5 mmol). pyridine (2 mL), 2 h, 30 'C. The title compound CAQ1 76M was 
afforded as a dark blue solid (63.8 mg, 41 %). FAB MS, m/iziM+H)* 163. 

* . . * * ' 

M.p.253-255 "C; ^{250 MHz; CDCIa); 1.5-1.86 (m, 4H, 4xring-H). .2-2.25 (m, 
3H, 3xring-H), 2.35 (s. 6H, 2XNCH3), 2.6-2.8 (2xt, 4H. 2XHNCH2CH2N), 3.1 5 (d, 
1H, IXNCHCH2CI), 3.4 (m. 5H, 2xHNCH2CH2Ssj and IXNCHCH2CI). 7-05 (s. 2H. 
C(2)H and e(3)H), 7.1 (s, 2H, C(6)H and C(7)H), 10.45 (t. .2H, C(1)NH and 
C(4)NH). and 13.66 (s, 2H, C(5)0H, C(8)0H); <5b(62.9 MHz; CDCU); 24.93, 
34.86, 40.33, 41.19, 45.59, 52.82; 55.78, 56.03, 56:27, 58.35, 61:43, 109.02. 
115.40, 123.55, 123.69, 124.49. 146.01, 146.2, 155.32, and 185:11; FAB MS, 
m/z(K/l+H)* 487; Anal, calcd for C25H3,CIN404.2HCI.2H20: C, 50.38; H..6.60; N, 
9.40. Found: C, 49.81; H. 6.23; N, 9.29, 

t 

' ExanmpDo 20 • 
i,4-BDS-{|2-(2-chDpr6methyDpyrrol!DdDini-l-yll)eltlhyO|fflm^ 
-. dBhydiroxyanftlliraceviie-Si,10-dione(CAQ177^) 
The method follows that of CAQ166M. 

(0) . [1 -(2-^inoethyl)-pyrrolidin-2-y l-lnriethanol (7 g, 48.61 mmol) EtgN 
(8.12 mL, 58.33 mmol), CH3OH (50 mL), BoCjO (12.73 g, 58.33 mmol), 
dissolved in CH3OH (15 mL): The reaction mixture was stirred. 20 h. The 



product was afforded as a strawcoloured oil that needed no further purification . 
(a36 g, 79 %). FAB MS. /n/i(jyi+H)* 245. . 

(iiiij Boc-prolected amine (8 g, 32.8 mmol), MsCI (3:81 rtiL, 49.2 
mmol). EtgN (6.85 mL, 49.2 mrnpl), dry CHaClz (50 mL). The product was 
afforded as a crude straw-coloured oil (9.06 g, 86 %). FAB MS, m4?(M+H)? ?23. c 

(igi) Crude meisylate (9 g. 28 mmol), tetra-n-butylammonium chloride : 
(13.34 g, 42 mmol), dry DMF (§0 mL), 90 'C, 30 min. The crude prd?Sud was 
afforded as a straw-coloured oil (6.78 g, 61 %). FAB IWiS, /nyfe(M+Hfc263:: ;■• 

(Bv) Crude chloride (6.78 g, 26.7 mmol), 4iyi HCr EtOAp, 1. h.;The 7 
crude Boc-deprotected amine was afforded as a brownish oil (1 ,98 g, 47: .%). 
FAB MS, /n/fe(M+H)* 163. 

M HAQ107 (1.25 mg. .0.363 mmol), crude deprotected sidechaln. • 
(1.98 mg, 12.1 mmol), pyridine (5 mL), 4 h, 30 *C. The title compound . 
CAQ177M was yielded as a d$rk blue solid (88.6 mg, 39 %). M.p. dec. > 300 
"C; 4(250 MHz; DMSO); 1.45-1. 85 (m,6H,6xring-/^, 2.1 5-2.35 (m,6H,6xring-:. 
H), i2.65-2.85 (m, 6H. 2XHNCH2CH2N and 2xring-H). 3.1 5 (d. 2H, ^xNCHCHaCI). 
3!4&^.55 (q, 4H, 2XHNCH2CH2N), 4.15 (m. 2H. 2xHCHChl20\) 7 05 (s, 2H. 
C(2)H and .C(3)H), 7.15 (s, 2H. C(6)H and C(7)H). 10.45 (t, 2H, C(1)NH and 
C(4)NH). and 13.46 (s, 2H. C(5)OH. C(8)0H): <Jb(62;9 MHz; DMSO), 28.11. 
35.05, 41:78, 50.83. 55.43, 60.52, 65.26. 107.91. 114.93, 124.33, 127.56, 
144.33. 156.69. 183.28; FAB MS. An/fe{M+H)* 561; Anal, calcd for . 

• ^ • « *•» 

C2eH34Cl2N404.2 HCI: C. 53.05; H, 5.72; N. 8.84. Found: C, 53.35; H, 5.84; N. 

♦ . . . - *. . ' 

■ 

8.72. ■ . . 

Ejcample 211 • ' 

m • ^ 

■ ll-{|2-{3-Clhloropyiriro5odoo-ll-yl)©4BTiyB]lairaiiiinio}-<^l={|(2r 

m * 

dlmethylamlno)ethyll|ambo}-S,8-dihy.droxyarBftlh>raceinie.-9,i©.^d .. 
(CAQiSBRfl) . 

The method follows that of CAQ166M. 

* • * • 

(0) 1-(2-Aminoethyl)-pyn-olidin-3-ol (1 g. 7.94 mmol) EtgN (1.32 mL, 
9.52 mmol), CH3OH (10 mL), B0C2O (2.08 g. .9.52 mmol). dissolved in CH3OH 
(5 mL). The reaction mixture was stin-ed 16 h. The product was afforded as a 



35 • 

- . . • • ^ . < 

strawcoloured oil that needed no further purification (1 .54 g, 86 %). FAB MS. 
. m/S:(M+H)* 230. 

(ii) Boc-protected amine (960 mg, 4.16 mmdl); MsCI (483 \iL, 6.24 

■ « 
* • ■ 

mrnol), EtgN (868 .\»L, 6.24 mmol), dry CH2CI2 (1 0 mL). The crude product vvas- 
5 afforded as a straw-coloured oil (1 g] 78 %). FAB MS, m^M-*ji)* 308. 

(ill) Crude mesylate (1 g, 3.24 mmol), tetra-n-butylammonium chloride 
(1.35 g, 4.86 mmol), dry DMF (10 mL), . 100 ;C, 30 mln. The product was 

• * • 

afforded as a straw-Zyeliowish coloured oil (705 mg, 81 %). FAB MS, ittMM+H)* 

*- • • • • • 

■ -248,. 

. ■• • • • - ■ ■ . ■ ■ • • • 

10 . . (fv) Crude chloride (705 mg, 2.88 mmol). 4M HCI EtOAc, 1 h; The 

• * ' • • • ' . 

crude Boc-deprotected amine Was. afforded as a brownish oil (124 mg, .30 %). 

• • , • » - • 

FAB MS. m/z(M+H)M4a 

.- . • , . 

(v) HAQ107 (50 mg, 0.18 mmol), crude deprotected sidechain (124 

• » 

• « • • • 

mg, 0.86 mmol) pyridine (2 mL), 2 hours, 60 'C. The product CAQ188M was 

■ - - • .... ^ . . 

15 afforded as a dark blue powder (1 5 mg, 1 5 %). M.p. dec. > 300 °C; 4^(250 MHz; 

• • • . 

DMSO/CDCl3(1 :1)); 1 .8-2.15 (m, 2H, 2xring-H), 2.3 (m, 1 H, ring-H), 2.35 (s, 6H, 
— . 2xNCW3).-2.86-3.05 (m, 7HX, 3.8-4:1 (m, 5H); 7,1 (s, 2H,:e(2)H and C(3)H), 7.2 
(s, i2H, C(6)H and C(7)H), 10.46 (t, 2H, C(1)NHand C(4)NH), and 13.55 (s, 2H, 
C(5)0H. C(8)0H): ^b(62.9 MHz; CDCI3); 37.19, 42^31, 52.01, 55:05, 62.05, 
20 . 68.95.. 107.65. 114.40j 124.91, 125.15. 146.09, 154.74. 184.44; FAB MS, 
m^(M+H)* 473; Anal, calcd for C24H29CIN4O4.2HCI.4H2O: C. 46.65; H, 6.04; N. 
9.07. Found: C, 47.10; H. 5.80; N, 9.07. 

■ • 

Chlorination of Hydroxylated Anthraquinone using PhsP-CC^ 
Complex 
25 l^ampie 22 

1,4-Bis-{[2-(3-chl6romethylpiperidin-l-yl)ethyl]amino}-anthracehe- 

• • - 

9,10-dione (CAQ39) 

PhgP (377.7 mg, 1 .44 mmol) and CCI4 (425 ^L, 432 mmol) were stirred 
for 15 mln. before it was added dropwise to a stirred solution of HAQ38 (125 

• * * « 

36 mg, 0.24 mmol) in dry CH2CI2 (5 mL) under N2 at reflux temperature; The 
reaction mixture was kept at reflux temperature for 4 h before it was cooled 



■ . " . , • 

36 

down to RT. Ethereal HCI was added to the solution and after 1 h of stirring, the 

* • * * 

precipitated solid was filtered off. To remove excess of PhsP and PhaPO, the 
precipitated solid was dissolved in warm CH3OH (1 0 mL). While stimrig the 
dark blue solution, at reflux, a mixture of EtOAc and EtOH (1:1) was iadded until 

« • • . . . - 

5 precipitation of solid was observed. The solution was set aside for 1 h before 
the precipitated product was Isolated by filtration; the excess Phsp and PhsPO 

■ - • • • ♦ • 

remained in the EtOAc/EtOH solution. The title compound was afforded as a 
dark blue solid (98:3 mg. 65 %). M.p. deo.300 'C; 5h(250 MHz; CDCia); 1.1 

• • • * • 

(m. 2H, 2XCH2CHCH2CI). 1 .75 (m. 6H. CH2CH2CH and 2XCH2CH2CH2), 2.05 (m, 
10 4H, ring-H), 2!l8 (3xd, 2H, J = 3 Hz and 10 Hz, 2XNCH2CH2). 2,73 (t, 4H, J = 
9 Hz, 2XHNCH2CH2N), 2.8 (m, 2H. ring-H), 2.98 (2xd, 2H. 2XNCH2CH). 3.5 (m, 
8H. 2XCHCH2CI and 2XHNCH2CH2N), 7.25 (s, 2H, C(2)H and G(3)H), 7.7 (m; 

• « " • • 

■ 2H, C(6)H and C(7)H), 8.3 (nri. 2H, C(5)H, C(8)H) and 1 0.76 (t. 2H. C(1 and . 
C(4)NH); dc(62.9 MHz; CDCI3); 24.42, 28.34, 38.47, 40.66. 48.14. 54:22. 57.52. 
15 . .57.60, 1 1 0.30. 1 23.52,. 1 26. 12, 1 32.01 . 1 34.56. 145.82 and 1 82.65; FAB MS; 
m/z(M+H)* 557; IR u^cm:^; 3400 (NH), 3090, 2960-2825 (CH2. CH3), 1650.. 
1600. 1585. 1525, 1275. 1025 and 740; Anal, calcd for 
C30H38CI2N4O2.2HCI.2H2O: C, 54.06; H, 6.65; N, 8.41. Found: C, 54.07; H, 6.27; 

* ' • 

N,8.14. 

• r 

.20 " . • EjtamplleSS * 

« • 

1 -{E2-(3pClhloro|pOp.eir5dSira-l.-yll)e4!hy03am8ini®}='^l-'C[[^-2-- 

♦ • 

diime1thyllamDnoyethyD]amiiino}»aintlhraceinG O-diiioinie (CAQ<dSlilfl]) . / 

■ - . . . • . . •* 

The method follows that of CAQ39 using HAQ22 (167 mg. 0.384 mmol). . 
' PhaP (302 mg. 0. 1 52 mmol), CCl4(333 nL, 3.466 mmol) and dry .CH2CI2 (2 mL), . 

. . ^ .... 

.25 The reaction was stopped after 6 hours of reflux. The title compound was 

afforded as a dark blue solid (1 31 mg, 75 %). ^^(250 MHz; CDQI3): 1 .4-1 .8 (m, . 
. 4H. CHaCHjCHi and CH2CH2CH), 2.2 (3xd. 1H. J = 3 Hz and 11 Hz, 

1 xiMCHaCHa), 2.25 (d, 1 H, J = 1 1 Hz, 1 XNCH2CH), 2.35 (s, 6H, 2XNCH3), 2.7 (t. 

2H. J = 7 Hz, HNCH2CH2N), 2.76 (t, 2H, J = 7 Hz, HNCH2CH2N); 2.9. (m, 1 H, 
30 IXNCH2CH2), 3,15 (2xd,.1H, J = 3 Hz and 11 Hz, IxNCHaCH), 3.5 (m, 4H, 

2XHNCH2CH2N). 4.05 (m, 1 H, CH2CHCI). 7.1 (d. 2H. C(2)H, C(3)H), 7.6 (m. 2H, 



C(6)H. C(7)H). 8.3 (m, .2H, C(5)H, C(8)H), and 10.75 (t, 2H, C(1)NH and 
C(4)N^/); 4>(62.9 MHz; CDCI3); 24,50, 34.95, 40,42, 41 .02, 45.65, 62.99, 55.88, 

* ■ 

56.85, 58.55. 61.61, 110.23, 123.41, .126.12, 132.03, 134.48, 145J3 and . 

* m t 

182.62; FAB MS, /n/Sr(!\/i+Hr 455. 

.Esiamniplle 24 

• • . - ■ . ■ . ' * 

i,4-Blis°{|2-(3-clhloiromelthyilpDperid6iri>fl-yO)etlhyD|amiB^^ 

' dihydroxyanilhii'aceinie-%1IO°d3pinie 

the method follows that of CAQ39 using HAQ70 (142 mg, 6.26 mmol). 
PhgP (404 mg, 1 .54 mmol), CCI4 (447 \xL, 4.63 mmpi) and 5 mL CHCIg/CHaCN 
(4:i) as solvent. The reaction was stopped after 5 hours of reflux. The title 
compound was yielded as a dark blue solid (1 1 7 mg, 68 %). M.p. dec. > 300. 'C; 
4,(250 MHz; CDCIg/DaO (1 0: 1 )); 1 .4 (m, 2H. 2XCH2CHCH2OH), 1 .85-2.3 (m, 8H, 
8xring-H), 3.0 (m. 4H, ring-H). 3.4-3.8 (m.16H. 2XHNCH2CH2N, 2xHiSSCH2CH2liS8] 
and 8xring-H), 6.96 (s, 2H. C(2)H and C(3)H) and 7 (s. 2H, C(6)H and C(7)H); 

(62.9 i\^Hz; CDCl3/D2O(10:i)), 27:99. 38.45, 40.03, 48.97, .56.36. 58.40, 
.11.1.43, 117.38. .126.78, 127.37. 148.32. 156.32, and 187.18; FAB MS, 
"m^(M+Hr 589; Anal, calcdfof <^oH»Gr2N404:2MCl:2H2QrC,-51.59; H, 6.35; N, 

■ 

8,02: Found: C, 51.49; H, 6.14; N. 8.22. 

• Exampl© 2S • ' 

■ 

11-{|2»i2-ClhIoiromeftlhyBpoperDdDini»i-yO)e4lhyO|^ 
■ ' diimetlhiylamDOo)etlhy ll]|amiino}-5,8-dQhydiroxyainttlhtraceinie°9,'il Ci<<jlDOirD@ 

• (CAQ7S) 

The method follows: that of CAQ39 using HAQ71 (48 mg, 0,1 mmol), 

- • 

PhaP (78.7 mg, 0.3 mmol). CCI4 (300 nL, 3:11 mmol) and dry CH2CI2 (10 mL). 
The reaction was stopped after 6 hours of reflux, the product (CAQ75) wais 
afforded as :a dark blue powder (46.3 mg, 81 %). M.p. dec. > 300 °C; 4i(250 
MHz; DMS0:CDCl3(1:1)); 1.3-1,45 (m, 3H, 3xring-H), 1.45-1.6 (m, 2H, 2xrlng- 
H), 2.35 (s, 6H, 2XNCH3), 2.9-3 (m, 6H), 3-3.2 (m, 2H), 3.9 (m, 4H), 4.1 (d, 2H, 
CHCH2CI), 7. 1 5 (s. 2H. C(2)H and C(3)H), 7.6 (s, 2H. C(6)H and C(7)H). 1 0.45 
(t, 2H. C(1 )NH and C(4)NH), and 1 3.36 (s, 2H, C(6.)0H, C(8)0H); 4j(62.9 MHz; 
CDCI3); 22.45, 25.33, 41.70, 42.56, 54.63, 54.95, 61.96, 107.94, 1.14.43, 



124!41i 125.03. 145.03. 1 45.81 .. 1 55.05, and 184:03; FAB MS, m/^{M+HY 501; 
Anal, calcd for C26H33CIN4O4.2HCI.2H2O: C, 61.20; H, 6.44; N, 9;i9. Found: C, 
51.30; H. 6.18; N, 9.01. 

• • • - - • • 

• • • 

•. 1l-{p-(2-Chlloromethyl|piiperidiiini4-yD)e4Ihiy03-amBinio}-4»^ 

dBmethylamino)ethyOainriiinio}-5,8HdDlliydrox^ 

. ■*• • • • . • . * 

•■ • (GAQ1183li«j}- ■ ■ ' 
. The method follows that of CAQ39 using HAQ121 (1 05 mg, 0.21 mmpl). 
PhgPTl 65.23 mgro:63 mmpl). CCI4 (600 iiC; 5.25TTiTmOl) and dry CH2CI2 (10 
mL). The reaction was stopped after 3 hours of reflux; The product (CAQ1 83M) 
was afforded as a dark blue powder (88.8 mg, 73 %). M.p. 233-235 'C;. 4i(250 
iVlHz; CbCU); 1 .55-2.1 (m, 8H. 8xring-H>. 2.8 (s, 6H, 2XNCH3). 3.2-3,36 (m. .4H), 
3,6-3.75 (m. 2H)j 3.9-4.15 (m. 4H). 4.2 (m. 1H), 7.15 (s, 2H. C(2)H and C(3)H), 
7.6 (s, 2H. C(6)H and C(7)H), 1.0.45 (t, 2H, C(1 )HH and C(4)NH). and 13.35 (s. 
2H, C(5)OH, C(8)OH); 4(62.9 MHz; CDCI3); 21 .60, 26.03. 36.70, 42121 , 51 .73,. 
54.85, 62.25. 108.34. 114.23. 124.81. 124.93, 145.83. 145.90. 154.65, and 
184.20; FAB MS, m/z{U+HT 501; Anal, calcd for C26H33CIN4O4.2HCI.3H2O: C, 
49.73; H, 6.58; N, 8.92. Found: C, 50.09; H, 6.27; N, 8.96. 

- Examplle 27 * . " 
• ■ H -{|2-J2iS-D!clhDominnieftlhyOpBperidliii-l-yO)eftlhiyl3-amSinio}-44t^ 

dDmG<tlhylamooo)etlhyl3amDOo}°§,8»dfllhiydro 

' • • . " . ■ ' • * 

The method follows that of CAQ39 using HAQ1 43 (1 4 mg, 0.0273 mmol), 
PhgP (43 mg, 0.164 mmql). CCI4 (79 \iL, 0.82 mmol) and dry CH2CI2 (5 mL). The 
reaction was stopped after 5 hours, of reflux. The product (CAQ187M) was 

» * ■ • * * • 

afforded as a dark blue powder (1 2.2 mg, 81 %). 4<(250 MHz; CDCI3); 1 .3-1 .65 
(m, 6H, 6xring-H), 2.36 (s, 6H, 2XNCH3), 2.7 (t, 2H, 1xHNCH2CH2N),2.8-2.9 (m, 
2H, 2XNCHCH2), 3.0 (t, 2H, IXHNCH2CH2N). 3.35-3.45 (q. 4H. 2XHNCH2CH2N), 
3.8-3.9 (d, 4H. 2xCHCH^CI) 7.1 (s. 2H, C(2)H and C(3)H). 7.15 (m, 2H. G(6)H 
and C(7)H), 10.65 (t, 2H, C(1)NH and C(4)NH), and 13.66 (s, 2H, C(5)6H> 
C(8)QH); FAB MS, m/z{M+HT 549. - 



< ■ - . . 

• . ' ■ • ■ ' . . ■ • 

• • • 

. 39 . 

Example 28 

* 

1,4-Bis-{[2^2-chloromethylpiperidin-l-yl)ethyl]amino}-5,8- 

. clihydroxyanthracene-9,10-dione (CAQ190M) 
The method follows that of GAQ39 using HAQ 1 05 (60 mg", 0. 1 09 mmol), . 

* ' > . • 

5 . : Ph3P(171.5mg, 0.654 mmol), CCU (190 jiL, 1 .96 mmol) and dry CH2CI2 (5 mL). 

• ■ - * • • ^ 

The reaction was stopped after 5 hours of reflux. The product (CAQ1 90M) was 

* ** • • • 

afforded as a dark blue powder (49.8 mg, 78 %). M.p. decompose > 300 °C; 4i. 
(250 MHz; DMSO); 1 .5-1 .65 (m. 4H. 4xrlng-H), 1 .76-2. 1 5 (m, 1 0H, 1 0xring-H), 
3.4-3.8 (m. 8H, 2xHNCH2CHJsi arid 4xrin^-H), 4-4. 1 (q, 4H, 2XHNCH2CH2N), 
io ;. 4. 1 5 (2xd, 4H, 2XNCHCH2CI) 7.2 (s,.2H. C(2)H and C(3)H)i 7.65 (s, 2H, C(6)H 
and C(7)H). 10.45 (t. 2H. C(1)NH and C(4)NH), and 13.45. (s, 2H. C(5)OH, 
C(8)0H); ifc (62.9 MHz; DMSO), 26.11, 37,05, 42.78, 50.78, 61.83i 60.32, 
62.26, 108.41, 114.33. 125.00, 126.56, 145^93, 154.69, 184.28; FAB MS, 

* - " ■ ■ • • 

15 Example 29 

• * 

1 -{[2-(2-chloromethylpyrrolidin-l-yi)ethyl]amino}-anthracene-9,10- 
dione (CAQ191M) 

. ThemethodfollowsthatofCAQ39usingHAQ163(115nTg,0.329mmol). 
Ph3P (260 mg, 0.99 mmol), CCW (1 00 ixL, 9.86 mmol) and dry CH2CI2 (5 mL). 

2 0 The reaction was stopped after 3 hours of reflux. The product (CAQ1 91 M) was 
afforded as a orange powder (91 .9 mg, 69 %). M.p. 250-253 "C; *l(25p MHz; 
CDCiS); 1 .6-2.1 (m. 4H), 2.1 5-2.35 (m, 1 H), 2.65-2.75 (mi 2H), 3.05-3.1 5 (m, 
2H), 3.4-3.6 (m, 4H), 3.8 (2xd, 1 H), 7.2 (2xd, 1 H), 7.45-7.(35 (m, 2H), 7.75-7.95 
(m, 2H), 8.1 -8.3 (m, 2H), and 9.95 (s, 1 H, C(1 )N/V); ^(62.9 MHz; CDCI3); FAB 

25 M§, m/fe(M+H+ 351; Anal, calcd for C28H36N4be: C, 62.23; H. 5.47; N, 6.91. 
Found: C. 62.15; H, 5.11; N, 6.77. 

• « 



* N-oxide Deri vatisation 

* ■ . - ' • . • . ■ 

Example 30 

1 -{[2-(2-Hydroxymethylpyrrolidin-l-yl-/V-oxide)ethyllamino>^-{HZ- 

• ^ - - _ - 

dimethylamino-Af-oxide)ethyl]amlnoh5,8-dlhydroxy-anthracener 
9,10-dlone (HAQ132N) 

The pxrdising agent mHphloroperoxy benzoic acid acid m-CPBA (25 mg, 
0.145 nimol) dissolved in dry : dimethyldioxirlne DCM (1 mL) was added 
drbpwise to a stirred sdlutibn of HAQ110 (20.mg, 0.043 mmol) in dry CH2QI2 (6 
mL) under N2. After. 15 minutes of stirring at -10 'C (aoetone-ice bath), the 

• • • * ' • 

reaction was stirred 3 h at 4 'C. The solgtion was then diluted with hexane and 
after 2 h, the precipitated solid was filtered off and washed successively with 
ice-cold hexane, ether, CH2CI2 and EtOAc. The crude product HAQ132N was 
afforded as a caide dark blue solid (15.5 mg, 73 %). Anal, calcd for C25H32N4P7; 

■ • * • • 

C, 59.99; H. 6.44; N. 11.19. Found: C, 52.94; H, 6.15; N. 10.01. 

- Example 31 ' . 

1-{[2-{3-Chloropiperidin-l-yl-Af-oxlde)ethyllamiiib}-4-{|(2- 

dimethylamino-Ar-dxide)ethyl]amino}-5,8-dlhydroxyanthracene-9,10- 
dione (CAQ167MN) 

The method follows that of HAQ132N using CAQ166M (19 mg, 0.0391 

• • • . 

mmoi), m-CPBA (21.6 mg,. 0.125 mmol). dry CH2CI2 (5 mL). The product 
CAQ167MN was afforded as a crude dark blue solid (12.5 mg, 62 %). Anal, 
calcd for C2SH31CIN4O6: C, 57.86; H. 6.02; N, 10.8. Found: C, 54.82; H, 4.93; N, 
7.43. 

Example 32 . . 

1-{[2-(4-Chloropiperidin-l-yle-iV-oxide)ethyl]ainino}-4-{[(2- 

• . . • ' • • 

dimethylaminp-Af-oxide)ethyl]amino)-5,8-dihydroxyanthracene-9,10- 
dione (CAQ179N) 

The method follows that of HAQ132N using CAQ172 (17 mg, 6.035 
mmol), m-CPBA (21.5 mg, 0.119 mmol), dry CH2CI2 (5 mL). The product 
CAQ179N was afforded as a crude dark blue solid (15.5 mg, 86 %). Anal, calcd 
for C25H31CIN4O6: C. 57.86; H, 6.02; N, 1 0.80. Found: C. 54.62; H, 4.84; N, 6.80. 



• t 

.• "41 ■ . 

• " ExainpOe33 ' .'' . ' 

• ' ,1i-{[2-((2-ChDpiromethyIlpyrroBidoirB-il-yB-iV-oxflde]|eto •• 

■ • • " 

:dimethylamino-iV-<>xiide)efthyqamino}-4,8-diihiydmxyair^^ . 

'. dDoneCCAQISiMNJ. 
5 • . • -The method follows that of HAQ1 32N using CAQ1 76M (48.3 mg, 0.0994 
mmol), m-CPBA (58.3 mg, .0.338 mmol). dry CH2CI2 (10 mL). The product 
CAQiSI MN was affordied as a caide dark blue solid (46.2 mg. 90 %). Anal. 
. . calcd for C25H31CIN4O6: C, 57.86; H. 6.02; N, 10.80.- Found: C, 54.66; H, .4.51 ; 
Is!, 6.81. 

10 Ekamplle34 

• ' . • . - 

-■ diliiydirpxyanthiracene-9,1.0<Bioinie(CAQ'a92RflN) - 

The method follows that of HAQ132N using CAQ190Wi (11 mg, 0.0187 
mmol), m-CPBA (12.9 mg, 0;075 mmol), dry CH2CI2 (5 mL). The product 
15 CAQ192MN was afforded as a crude dark blue solid (10.2 mg, 83 %). Anal, 
calcd for C3oH38Cl2N40e: C, 57.97; H, 6.16; N, 9,01. Found: C, 55.46; H, 4.49; 

* • * \ • • • 

• i,4-Bos-{|2-(pipeF5dDin)4-yE)ethyll|amDO 

• . ■ ■ - 

20 9,110-dooinie (iHIAQil4S} 

Th& method follows that of HAQ105 using 1 ,4-Difluoro-5,8-hydroxy- 

anthraquinone (50 mg, 0. 1 81 mmol), 1 -(2-aminoethyl)-plperidine (232 mg, 1 .81 

• . ■ ■ • . . • 

mmol), pyridine (1 mL), 30 min, 100 ^C. The product HAQ145 was afforded as 

a-dark blue powder (31.7 mg,.35 %). M.p. 219-221 "C; 4^(250 MHz; CDCI3); 
25 1.45-1.55 (m, 4H. 4xrlng-Hj, 1.55-1.7 (m, 8H, 8xring-H), 2.55 (m, 8H. 

2XNCH2H2). 2.65 (t, 4H. 2XHNCH2CH2N), 3.55 (q, 4H, 2XHNCH2CH2N), 7.06 (s, 
. 2H, C(2)H and C(3)H), 7.15 (s, 2H. C(6)H and C(7)H), 10.5 (t, 2H. C(1 )NH and 

Ci4)HH), and 13.65 (s. 2H. C(5)0H, C(8)0H):. ^b(62.9 MHz; CDCU; 24.37,. 

26.09, 40.72, 54.64. 57.63. 109.21. 115.48, 123.63, 124.63, 146:31, 155.46, 
3 0 and 1 85.35; FAB MS, m/z(M+H)* 493; Anal, calcd for C28H3BN40e,1 .5 H2O: C, 

64.66; H, 7.27; N, 10.78. Found: C. 64.70; H, 7.55; N, 10.67. . 



• Comparative Example. 

1-{[(2-Dimethyiamino)ethyqaminoH-{[2-(piperidin-i-yl)ethyl]ami 
5,8<Ilhydroxyanthiracene-9,10-dione (HAQ148) . 

The method follows that of Ha6i 05 using HAQ1 07 (62 mg. 0.1 8 mmol), 

• • • • . • 

1-(2^minoethyl)-piperidine(250.mg, 1.953 mrtiol), pyridine(1 fnLO, 30 min; i 00 
"C. The product HAQ1 48 was afforded as a dark blue powder (42.9 irig, 65 %). 
M.p! 220-223 °C; 4,(250 MHz; CDClg); 1.45-1.7 (ml 6H, 6xrlng-H), 2.^6 (s. 6H, 
2XNCH3). 2.55 (m, 4H, 2XNCH2CH2), 2.75 (2xt. 4H/2xHNCH2C>/2N),' 3.5 (q. 4H, 
2XHNCH2CH2N), 7.05 (s. 2H, C(2)Hand C(3)H). 7.1 (m, 2H, C(§)H;ancl C(7)H). 
10.45 (t. 2H. C(1)NHand C(4)NH), and 1.3.55 (s, 2H. C(5)6h, C(8)pH): <5b(62.9 
MHz; CDCI3); 24.28. 25.93. 40.51. 41.24, 45,63, 54.62. 57.50, 58,39, 109.23, 
115.41, 123.73. 123,99, 124.75, 146.24. 155.44, and 1 8S.41 ; . FAB MS. 

m/z{M+H)* 45Z. . 

Biological Evaluation . 

Cytotoxicity of substjtutecl pyrollidinyl- and piperidinylf 
alkyiaminoanthraquinones • 

Table 1. compares the activity of compounds possessing a side chain 
hydroxy! moiety (HAQ71 . HAQ73, HAQ1 11) with HAQ148 and shows that the 
hydroxyl group is essential to the nM act! vlty of these piperidinyl/pyrollidinyl 
substituted alkyiaminoanthraquinones (see Table 1 ). 

The non-symmetrical ly substituted compounds (HAQ71, HAQ73, 
HAQ110, HAQ111, HAQ121 and CAQ75) have similar potencies against the 

* 

A2780 wildtype cell line. 

Substitution of OH with CI (compare HAQ71 with CAQ75) resujts in si 

■ . • - . 

> 10-fold decrease in cytotoxicity although the enhanced actiy|ty against the 
resistant cells is still maintained for CAQ75 (RF = 0.4): Furthermore CAQ75 
was shown to be a significantly more potent in the A2780 dell line than the 
symmetrical chloropropyl congener CAQ74, which further emphasises the 
importance of the non-symrnetricar substitution of these 1 ,4rdisubstltuted 
alkyiaminoanthraquinones. 



• • • 

. • • • 

* 

43 . 

The chloromethyl pipericjinyl . and pyrollidinyl t,4 disubstituted 
aikylaminoanthraquinones showed tow cross resistance in a doxorubicin 
resistant (278bAD) and clsplatin resistant (A2780/cp70) ovarian carcinoma cell 
lines (Table 2). Hydroxyl and chloro substituted compounds show significant 

■ 

5 antitumour activity in human xenografted ovarian cancers in vivo in mice (Table 

* - ■ . - , • • • ■ ■ . • * 

• • • • - . . • 

* - . On VDVO studies 

Compound HAQ7 1 , with the lowest RF (o!2) of the panel of compounds 
tested against the clsplatin resistant cells and its chlorbpropyl-substituted 

* • * « • • 

10 analogue, was selected for in vivo investigation in mice using tumour A2780 
and. A2780/cp70 cells grown as xenografts in mice. Significant anticancer 
activity in vivo df HAQ71 and CAQ75 was shown; both compounds exerting 
similar tumour growth delay in human xenojgrafted wild-type and acquired 
bisplatin resistant tumours (A2780/cp70). The latter is very refractory to 

15 clsplatin and other covalent binding agents and has been characterised with 

■ 

elevated levels of glutathione, alterations in drug uptake/efflux and DNA repair 

* ♦ 

* 

mechanisms including mismatch repair deficiency. 

Cytotoxicity m vitm of Do-if^f-oxides olF amiinioaothraqiuiinooes aod 

chloroalkytamiooainitlilraqyiinipinies. 
2 0 The cytotoxicity of the novel di-A/-oxides of CAQs arid non-covalent 

binding aminoanthraquinones was investigated in the ovarian carcinoma wild 

* 

type cell line A2780, and the adriamycin resistant 2780AD and clsplatin 

resistant 2780CP cell lines. 

All di-A/-oxides were considerably less cytotoxic than their parent 
25 cytotoxic agents with ICso values in the range. The order of cytotoxicity of 

all agents tested was HAQ132N (>100|jm) < CAQ179N (46 ^M) < CAQISIMN 

(38 \M) < CAQ1 67MN (36 uM) < CAQ1 92MN (8 \M). The cytotoxicity ratio (CR 

= IC50 of alkyiaminoanthraquinone-di-^AZ-oxide/ICgo alkylaminoanthraquinone) . 

was used to calculate relative activities. Three di-N-oxides, HAQ132N, 
30; CAQ181MN and CAQ167MN, were more than 1000-fold less cytotoxic than 

their amine counterparts in the A2780 cell line. The CAQs were approx. 40-1 00 



46 

Table4 

« • ■ 

Growth Inhibition (IQgo) of Di-iV-oxides of Aminoanthraquinones and 
Chloroalkylaminoanthraqulnones Against Ovarian Cancer Cell Line 



10 



20 



Comi)ound . 


A2780 

[nwn 


HAOItb 

1 If tllC 1 If 

HAQi32N 

« « 

CR 


69 

> 100.000 
> 1.449 


CAQ172 

CAQ179N 

CR 


5.7669+09 

• 

« 


CAQ166M 

CAQ167MN 

CR 


9.357e+09 

• 


CAQ176M 

CAQ181MN 

CR 


2.938e+10 

% 


CAQ190M 

CAQ192MN. 

CR 


178790044 

' . . • 


- -AQ4 


..6_ . . 


AQ4N 
CR 


> 100,000 

> 16.667 



HAQ = hydroxy deriv; CAQ = chloro deriv; N = N-oxIde; M= mustard; WIN = N-oxIde of mustard 
CR = cytotoxicity ratio (ICgoOf amine/ ICgo of N-oxide). 
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« « 



1. An ahthraquinone compound of the general formula I or a salt 




in which to are each selected from the group consisting of H, Ci^i alkyi, 

• • ' ' 

X\ -NHRON (R^)2 in which RO Is a C^.^z alkanediyi and each R^ is H or 
optionally substituted C^^ all<yl, and a. group of formula 11 . 




(II) 



In which at least one of R®, R^ and R® is selected from X^, and substituted 

* 

Ciui alkyi and any others are H or C^^ ialkyl; R® is selected from H, Ci^j alkyj, X^ 
and subistltuted Ci^-alM; 

m isO or 1; 

n is 1 or 2; 

• • • . 

. X^ is a halogen atom, a hydroxyl group, a C^j^ alkoxyl group, an aryloxy 
group of an acyloxy group; and 

X^ is a halogen atom, a hydroxyl group, a C^^ alkoxyl group, an aryloxy 
group of an acyidxy group; 

provided that at least one of R^. to R"* is a group of formula II. 



• 2. A compound according to daim 1 in which and are each a 

group of formufa IL 

3. A compound according to claim 1 in which RVis a group of fbrrnula 

II and R2 is NHR0N(RV 

4. A compound according to claim. 3 in vy^ich each R® is the same 

and is H or CHg:. - 

. . ■ . • • ' 

" s: . A compound accoi-ding to any of claims 2 to 4 in whidi R\ is at 
position 4 in the anthraquinone ring systerh and is in position 1. . . 

^, . ... A compound according to any preceding claim in^wbich R and R 

are selected from H and hydro)^l. 

7 J A compound according to claim 6 In which R^ and R"* are both 
hydroxyl and are substituted at positions 5 and 8 in the anthraquinone ring 
system. 

8. A compound according to claim 6 in.which and are both H. 

9. A compound according to any preceding claim in which m is 1 . 
10. . A compound according ;to any of claims 1 to 8 in which m is 0. 

> ■ m 

11. A compound according to any preceding claim in which n is 2. 

12. A compound according to any preceding claim in which X is a 

halogen atom or a leaving group. 

13. ' A. compound according to claim 12 in whidi is dilorine. 

- 

14. A compound according to any precedirig daim in vvhich either 

i) R« is CHaX^ and RMs H; or . 

ii) rs is H and RMs X^ 
in which X^ is a halogen atom or a leaving group. . 

15. A compound according to claim 14 in which R® is CHzX^ and R.^ 

* '* - " • • • 

isH: 

16. A compound according to claim 1 5 in which n is 2 and R® is CH2X 

in which X® is the same as X^ in R®. 

.• " . ■ . • • ■ . 

17. A compound according to claim 9 or claiin 1 0 and/or claim 1 2 for 

■ 

use in a method of treatment of an animal by therapy. 

• * 

18. A composition comprising a compound according to claim 9 or 
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claim 10 and/or claim 12 and an excipient. 

.19. A composition accordinjg to claim 18 which is a pharmaceutical . 

• • - • . * ' 

composition and in which the excipient is a pharmac@utically acceptable 
excipient. 

20. Use of a compound according to claim 9 or 1 0 and/or claim 1 2 in 
• • •• / • - ' • ■ ' 

the manufacture of a mediqament for use in the treatment of an animal by 

■ '.*•'-* ' • 

therapy.' 

. .... • 

* . . * * 

21 . Use according to claim 20 in which the animal is a human. 

22. Use according to claim 20 or claim 21 in which the animal is 

. ' - m 

suffering from a tumour and the therapy is anti-tumour therapy. 

* 23. Use according to claim 22 in which the compound is a compound 
according to claim 9 and in which the therapy additionally involves 
administration of a cytotoxic agent and/or radio therapy of the tumour. 

24. A synthetic method in which a compound of the fomnul.a III 




III 



t * 

in which R^.^ to R?^ are each selected from H, X"*, hydroxy I, C^^ alkoxy, acyloxy, 
a group -NHR^*^N(R^®)2 in which R^° is C1.-12 alkane diyi and each R^^ is H or 
optionally substituted C^^ alkyi,. and in which X"^ \s a halogen atom or a leaving 
group provided that at least one of R^^ to R^"* is X"*; . 

is reacted with a cyclic aminoalkylamine compound of the general 
formula IV . 



® 



HaNR^HN^ 




(IV) 



such that the group is replaced in a nucleophilic substitution reaction by a. 
group of formula V 




in which either at least one of R^®, R^^ and R^* is selected from and X? 
substituted alkyi and any others are H or C,^ alkyi, and R" is selected from 
H, alkyi. X? and )^ substituted C,^ alkyi 

X^ is hydroxyl or. a protected hydroxy!, or X= is a leaving group or a- 
halogen atom different to X^ and q is 0 or 1 . 

25. A method according to claim 24 in which at least one group )^ is 
hydroxyl or protected hydroxy I and in which the product Is reacted with a, 
halogenating compound optionally after deprdtection to replace the or each X 

■ • * , 

. hydroyi group by a halogen atom. : . ^ . 

26. A method according to claim 25 in which the halogenating agent 

• ■ 

is a chlorinating agent 

« 

27. A method according to any of claims 24 to 26 in which q is 0 and 
the product is oxidised at the ring nitrogen atom to form the corresponding 

amine oxide (q is 1). 

28. Amethodaccordingtoany of claims24to28lnwhichone.of R" 

to R^"* is a group -NH R^°N(R^®)2 and which involves the preliminary step df 
reacting a precursor compound in which the corresponding group X® where X® 
is a halogen atom or a leaving group, with an acyclic arninoalkylamine 
compound of general formula VI 
H2NR^°N(R^=)2 VI 

in a preliminary nucleophilic substitution reaction in which X® is replaced 
by the group -NHR^°N(R^^)2, in which R^^ is H or an optionally substituted C^^ 

alkylgroup. 



■ I 
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- • 

. 29. A method acojrding to any of claims 23 to 26 In which R"' and R^^ 
are the same and are and in which ,2 equivalents of the cyclic 
aminoalkylamine compqund IV are reacted whereby both, groups are 
replaced by the said group of general formula V. 
5 - - . .. .. .30. Acompound of tiie generai.fonnula VII 



10 



30 



H2NR2QN 




iVJI)--. 



in which R^ is a C^.^z-alkanediyl group arid either is CHsCi, and R^^ is H. 
or R28 is H and R27 is CI; 

. . Is H or is the same group as 

* 

the or each R^® is H or is the same group as R^^; and 

- , . . * . • ■ 

r is 1 or 2. 

• « • • . • • 

31 . A compound according to claim 30 in which R^° is (CH^z- 

* ' ** * ' . ♦ 

3Z A compound according to claim 30 or claim 31 in.which R^^ is 
20 CH2CI, R2^ Is H and R^.ls selected from H and CH2CI. . 

• • * ■ ■ . * 

* 

33. A compound according to clairn 30 or claim 31 in which R^® Is H, 
R^^s CI, R^^ is H and R^ is Hi 

34. A compound according to any of claims 30 to 33 in virtiich r is 1 . 

• - . " 

35. A compound according to any of claims 30 to 33 in which r is 2. 

■ • » * * 

36. A method of synthesis of a compound as claimed in claim 30 in 

■ • • 

which a hydroxyl-substituted cyclic tertiary amine of the general formula Vltl 



H2NR20 N- 

(VIII) 




> ( 
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In which arid r are as defined in claim 30 . 
either R^Ms CH2OH and is H 
or R^Ms H and R22 is OH ... 

« I * • » ■ * 

5 R24 is H or is the same group as R^^ . . 

the or each R^ is H or is the same group as R^; 

is amine-group protected • is then chlorinated by a process in.\ftrtil 

OH is replaced by CI, and is deprotected to afford the desired compound of 

• • ■ • • ^ • 

formula VII. 

• * • 

10- . ■ ■ • 
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,N 




H AQ1 10: . ■ ft'=2-CH20H, . n=1 
CAQ166M: R'-3-CI, n=2 . 
CAQ172i R-sA-fclfPsZ 
. CAQ176M: R'i^-CHzCI. n«1 



OH O HN 



I 

N 
1 

O 




R' 



HAQ132N: R'=2-CH20H, n=1 
CAQ167MN: R'=3-CI, n=2 
CAQ179N: R*=4-CI. n=2 
CAQISiMN: R'=2-CH2Cl, n=1 
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